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PREFACE 


One of the established facts,ip connection with the teaching 
of Science in this country, is the formation of classes in every 
part of the kingdom under the auspices of the Sciehce and Art 
Department,' The functions of this body are not confined to 
its own classes, for it also receives a wide recognition as an 
Examining Board. With the existence of such class teaching 
and examinations, it becomes an imperative necessity that 
teachers and students shall model their work on the lines 
of general treatment adopted by the Department in various 
subjects. 

As its name implies, the present work is the result of an 
endeavour to meet the requirements of students in the Depart¬ 
ment’s 1 Advanced ’ Chemistry Classes. There are two ways 
in which such a text-book may be prepared ; it may either be 
simply an examination cram-book, or it may aim at supplying 
the materials for such a bona-fide course of study as that the 
skeleton of which is given in the syllabus of the Department 
It is respectfully submitted that a work may be so shaped as 
to fulfil these conditions and still be a genuine text-book of 
chemistry. On the principle that ‘the greater includes the 
less,’ a text-book satisfying the requirements of the syllabus 
will also satisfy those of the examination. 

The planning of this work has been a matter of some little 
difficulty, because such students as those for whom it is espe- 
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dally, prepared have already some knowledge of chemistry. 
In the elementary classes they will have acquired a familiarity 
with certain elements, and a few of their more important com¬ 
pounds. In the advanced classej not only must a greater 
number of elements be treated, Blit also those previously 
studied must be dealt with more completely and the general 
laws of chemistry more fully and exhaustively examined. For 
the sake of continuity this work has been begun at the com¬ 
mencement of the science, but throughout it is assumed that 
the reader has such knowledge a* is conveyed by the author’s 
Elementary^Text-Book on the same subject. Therefore, such 
matters as ate explained very fully in the elementary book are 
here treated more scantily, and instead, other information con¬ 
cerning the same elements is given. For example, the experi¬ 
mental modes of preparing and testing the various elements 
(dealt with very fully in the elementary work) are here largely 
replaced by descriptions of their manufacture and industrial 
applications. The plan of the book is such as I have found 
to answer well in my own teaching of such classes ; I thgrefore 
venture to hope it will commend itself to other teachers. 

Certain portions of the Elementary Text-Book have so 
recently been re-written that I have adopted them in this work 
almost without change, and that, first, for the reason that I felt 
that in my hands, at least, any attempt at altering, for the sake 
of altering, would not be an improvement. Further, I con¬ 
sider that if by similarity of expression and treatment the work 
of the elementary course can be welded on to that of the 
advanced without Abrupt change, a decided advantage to the 
pupil is thereby gained. 

Having recently written a short treatise on analysis for 
Science class students, I have not thought it necessary to add 
to the bulk of this work by including descriptions of analytic 
methods 



I have not hesitated to take extensive advantage of the 
classic works on various departments of chemistry of Miller, 
and Meyer, placed,at my disposal by Messrs. Longmans & Co. 
My acknowledgments are , also dtie to the journals of the 
Chemical Society, and standard treatises by Roscoe and others. 

Hoping, as I venture to do, that this work may receive from 
teachers some at least of the favourable recognition accorded 
to my previous efforts, I beg to say that any suggestions from 
them as to its improvement will be warmly welcomed, and 
shall be most carefully considered, when, thanks to theii 
appreciation, a future edition of the book is required. 

WILLIAM JAGO. 


Brighton : July, 1890. 
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TEXT-BOOK 


' OF 

[ NORG AN IC •.CHEMISTRY 


CHAPTER I 

INTRODUCTORY 

1. Matter. —There is an almost endless diversity among 
the various objects by which we are surrounded, but one 
property, at least, they possess in common, and that is the 
property of weight. All such objects are attracted by the 
earth, and the reason why we find a thing to be heavy is that 
this earth-attraction, known as gravitation , offers the resistance 
called weight to any efforts to raise things from its surface. 
This property of weight characterises not only solid substances, 
like iron or stone, but likewise liquids, such as water and oil, 
and also gases, of which the air we breathe is an example. It 
is convenient to have one name that shall include all such 
bodies; for this purpose the Germans use the word literally 
translated by ‘ stuff’; in English we employ the term matter. 
Matter, then, is anything which possesses weight (i.e. 
is acted on by gravitation), and exists in three distinot 
forms, namely, as solids, liquids, and gases. * 

2 . Force.—It would, at first sight, seem that the definition, 
of matter just given is sufficiently extensive to embrace every¬ 
thing, but yet a moment’s consideration will show that there 
are other things beside matter. * To give an illustration : you 

B 
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know that a hammer-head consists of matter because it pos¬ 
sesses weight, but if with this hammer you give a series of 
blows to a small piece of nail rod, you have given something 
which is not matter. The hammer-head is not lighter, neither 
is the piece of nail rod heavier. Gtill the blows are something, 
as otherwise they could produce no effect. For one thing the 
piece of nail rod will have been flattened and altered in shape; 
further, and of more importance to us at this moment, it will 
have become hot to the touch. Again, to mention another 
example, if a brick be most carcfttlly weighed, and then made 
red-hot in a furnace, the hot bjick weighs precisely the same 
as it did when cold. Further, if it be allowed to cool, this 
hot brick imparts heat to surrounding objects, and nevertheless 
remains unaltered in weight. Here, then, we have something 
very definite, which a body can receive and again yield, and 
which is not matter. Let us try to see what relationship this 
something has to matter; in the first illustration, the blows 
>'were struck by the moving hammer-head, which consists of 
matter in motion The more rapid the motion, the more 
violent would be the blows; in fact the force of the blow 
depends both on the quantity of matter and the rapidity of 
its motion. Further, although outside any attempt at c 'present 
proof, the hot iron of the nail rod, and also the hot brick differ 
from the same substances in the cold state, in that their com¬ 
ponent particles are in a state of movement; as these sub¬ 
stances cool, the particles once more enter into a condition of 
comparative rest. This something, then, beyond matter is 
closely associated with motion, and is termed force. Force 
is deflnod as that which is capable of setting matter 
in motion, or of altering the direction or velocity of 
matter alreadypn motion. The motion of bodies may he 
divided into two classes : there is first that of the body as a 
whole, as in the case of the moving hammer-head; 2nd, the 
internal movement of the particles of a body, as when it becomes 
hot. 

3. Object of Chemistry. —It is now easy to explain the 
objects of chemistry. Matter is not only most varied in form, 
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but its form is also*:onlinuaIly varying; it is the function of 
the chemist to investigate these changes, and also the nature 
Df the substances which participate in then* In short, 
chemistry is that science whiqb treats of the com¬ 
position of mattor, of t &e changes produced therein 
by heat and other natural forces, and of the action 
and reaction of different kinds of matter on each 
other. 

4. Chemical as dfstinguished from Physical 
Changes. —It is necessary learn to distinguish between 
what are simply alterations in the physical properties of matter, 
and what are really chemical changes. Thus to give an illus¬ 
tration, if a piece of platinum wire be heated in a bunsen 
flame it immediately becomes white-hot, but on being removed 
once more cools and regains its original brightness; no altera¬ 
tion in the wire has been caused by the act of thus heating, it 
is not even tarnished. If a piece of iron wire be similarly 
treated, a slight tarnish is produced on the outer surface, but 
otherwise there is little alteration. On heating in the same 
manner a piece of magnesium wire, it immediately on becom¬ 
ing hot*bursts into flame and bums with a dazzling white light, 
depositing a white, friable (easily powdered) body, composed 
of magnesium and another substance called oxygen, and to 
which the name of magnesia has been given. In the case of 
the platinum, the change produced is merely physical, and 
although the hot wire possesses properties which are absent in 
the cold, yet on the wire losing its heat it again regains its 
previous characters. With the iron wire there is a slight super¬ 
ficial change, for the iron, like the magnesium, is capable of 
combining with oxygen, but has only don« so to a limited 
extent 011 the surface: the interior and main portion of the 
wire is unaltered. But in the third instance there has been a 
vigorous chemical change, the whole of the magnesium has 
disappeared as such, and its place is occupied by the new body 
magnesia. Again, let a current from an electric battery be 
passed through a piece of copper wire, the wire to all appear¬ 
ance is unaltered, hut if it be dipped in iron filings the little 
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fragments ding to it as though it were a steel magnet. On 
ceasing the electric current the magnetic action ceases, to be 
again resumed if the current is once more passed. This is 
again a physical change, produced this time by electricity. 
But supposing, instead of passing ffye current through a copper 
wire, it is passed through some slightly acidulated water, gaseous 
bubbles of an explosive nature are evolved ; in this case a 
chemical change has been effected. Experiments, such as 
these, teach that chemical changos are distinguished from 
those of a merely physical character by more or less 
striking permanent alterations in the appearance and 
properties of the substances involved thoroin. As in¬ 
stances vrc may cite changes of colour, as when potassium 
iodide and mercury chloride, both colourless todies, produce 
by their action on each other the bright orange-red iodide of 
mercury. There are changes in smell, as when quicklime acts 
on ammonium chloride and causes the evolution of ammonia, 
tvith its characteristic pungent odour. There are changes in 
taste, as when by chemical action either starch or cotton-wool 
is transformed into sugar. Many more examples might be 
given, but with these the student will become familiar as he 
proceeds with his studies. It will suffice at present to ftiention 
in addition, that chemical action is often accompanied by 
changes from one of the physical states of matter to another. 
Thus liquids may become solids, and solids liquids or even 
gases. An exceedingly familiar illustration of this latter is 
that of the burning of an ordinary candle. To all appearance 
the candle itself vanishes and is completely lost, nevertheless 
it is very easy to trace its components after the candle has dis¬ 
appeared. If it be burned in a closed vessel of air, the flame 
soon goes out, and the air on examination is found to possess 
properties distinctly different from those by which it was pre¬ 
viously characterised. Before the experiment, if the air had 
been shaken up with a solution of lime in water (which is a 
perfectly clear liquid), the liquid would have remained clear. 
But afterwards on thus shaking the two together, the lime- 
water becomes milky. The reason of this is that a candle is 
composed largely of two substarfees called carbon and hydrogen: 
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the air contains a substance called oxygen. When the candle 
bums, its carbon combines with the oxygen of the air, and pro¬ 
duces a new body, called carbon dioxide; this is distinguished 
by the property of turning lime-wjter milky. Further, the 
hydrogen of the candle also*combines with oxygen, and in so 
doing produces a body calfed water; this too can be detected 
as one of the substances into which the candle is changed. 
It will be seen, then, that although the candle in .the act of 
burning disappears, yet the bodies of which it is composed are 
not destroyed, for by appropriate means they can be recognised 
and, if wished, recovered. ^ 

5. Indestructibility of Matter.—Although, chemical 
action can produce such marvellous changes, yet there is one 
thing it cannot do—it can neither create nor destroy matter. 
An illustration of this latter point is afforded by the burning 
candle described in the last paragraph; but the same experi¬ 
ment, when performed under more exact conditions, shovft 
not merely that the products of the burning candle can be 
traced, but also that they more than fully equal in weight the 
original candle itself. The apparatus nccessaty for this purpose 
is shovfn in fig. 1. 

In this apparatus the candle is placed inside a glass chim¬ 
ney, a, such as is used for Argand lamps. At the lower end is 
a cork, through which have been bored some three or four 
holes for the admission of air. By means of corks and pieces 
of bent glass tubing a is attached to the vessels b, c, d, e, all of 
which, except the flask c, are bent tubes termed by the chemist 
U-tubes. The first lube, b, is empty, the flask c contains lime- 
water, a tube from b reaching down beneath its surface. In 
d and t are placed fragments of either potash or soda, while 
the exit-tube at / has attached to it a piece of india-rubber 
tubing held in the clamp g. The whole series, a, 4 c, d, e, are 
fastened to a rod i /, which in its turn is suspended from the 
arm of a balance, and then accurately counterpoised by weights 
placed in the opposite scale-pan. The tube g is connected to 
a pump or some other appliance, by which a current of air can 
be drawn through the whole Apparatus. The candle is taken 
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out, lighted, immediately replaced, and the current of air set 
going. As the candle burns, the water produced condenses 
in h, and is at once recognised ; the carbon dioxide turns the 


* Fig. if 



lime-water in c milky, while in i and e any small quantities 
of water and carbon dioxide which have escaped so far are 
arrested by the potash or soda, cither of which readily absorbs 
and retains both these bodies. As the experiment proceeds 
the apparatus increases in weight, and that side of the balance 
gradually descends. In this way proof is obtained of the fact 
that the products of combustion weigh more than the original 
substance burned, the increase being due to the oxygen with 
which the substance has combined. This experiment, although 
striking, is incomplete, because no account has been taken of 
the weight* of the oxygen before its combination with the 
candle. Our knowledge thus obtained is supplemented by the 
following experiment. 

The apparatus shown in fig. 2 consists of a glass flask of 
some 250 cubic inches (4 litres) capacity, fitted with a stop¬ 
cock. and two wires a, b , passing through the cork and con- 
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nected at the lower*ends by a piece of fine platinum wire. 
Around this wire a piece of gun-cotton, weighing about 10 or 
12 grains, is lightly wrapped, and then introduced into the 
flask. By means of an air-pump the flask is completely ex¬ 
hausted and then weighed. On passing an electric current 
through a, b, the platinum wire be¬ 
comes red-hot and ignites the gun¬ 
cotton, which completely disappears, 
with a bright flash. On again weigh¬ 
ing the flask it will be found to re¬ 
main unaltered in weight. aAs a 
result of being heated, the gun¬ 
cotton has undergone a chemical 
change by whith it has been con¬ 
verted into gases ; these, however, 
weigh precisely the same as did the 
original gun-cotton. The result of 
this and all other similar experi¬ 
ments is summarised in the state¬ 
ment that matter is indestruc¬ 
tible, § and consequently the samo weight of material 
remains after any and every chemical change as there 
was before its commencement. 

6. Mechanical Mixture and Chemical Combina¬ 
tion.— It is important to learn to distinguish between these 
two different processes, and this end is best attained by the 
study of a typical experiment. If some sulphur be obtained 
in the form of a fine powder it is of a brilliant yellow colour, 
while copper reduced to the state of filings is of a red tint. 
In general properties the sulphur is extremely brittle, while the 
copper is marked by great toughness. These two powders 
may be mixed together in any proportion, with thtf production 
of a greenish-yellow mass, the yellow being more or less pro¬ 
nounced according to the quantity of sulphur present. If the 
copper and sulphur be in a sufficiently fine state of powder the 
mixture shows to the naked jeye no signs of the presence of 
individual particles of either sulphur or copper; still, under a 
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sufficiently powerful microscope the separate fragments of each 
may be perceived lying side by side. It is thus possible to 
see that no astual union has occurred; further, the properties 
of the mixture are just a ipean of those of the ingredients. In 
addition, the two bodies are readify separated from each other. 
If the mixture be transferred to a test-tube and shaken with 
water, the sulphur being much the lighter remains suspended 
in the water sufficiently long for the copper to settle to the 
bottom as an approximately pure layer. The water being 
poured off, and the washing once dr twice repeated, the copper 
is regained in a state of purity.^Or, as an alternative method, 
the sulphur may be removed by dissolving it in a liquid called 
carbon ditulphide, which docs not dissolve copper. But if 
this mixture of copper and sulphur be placed *in a dry test- 
tube and then gently heated at the lower end, the sulphur is 
first seen to melt, and then the contents of the tube commence 
to glow at the bottom with a gentle red heat; the tube may 
n'ow be removed from the flame, and the glow will spread 
throughout the whole mass. On now allowing the tube to 
cool a bluish-black mass remains, which is very brittle and 
totally unlike either the copper or sulphur in appearance. The 
microscope enables us to distinguish no separate particles of 
either copper or sulphur; no washing processes enable us to 
again separate these two bodies from each other. Definite 
chemical union between the two has occurred, and if the 
resultant body, named copper sulphide, is examined it is found 
to contain copper and sulphur in certain fixed and invariable 
proportions. It is well to have an excess of sulphur in the 
mixture prior to the act of heating; that excess is then driven 
off in the form of vapour, leaving behind simply the quantity 
necessary to form (he copper sulphide. 

7. Element, Compound, Mixture.— Before proceed¬ 
ing further it will be well to have definitions of these terms; 
they are therefore appended :— 

An Element is a substance which has not been 
separated into two or more dissimilar substanoes. 

A Compound is a body (roduoed by the union of 
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.two or more elements in definite proportions, |nd 
consequently is a substance which can be separated 
into two or more dissimilar bodies. Compounds differ 
in appearance and characteristics, irom their constituent 
elements. 

The term Mixture is applied to a substance pro¬ 
duced by the mere blending of two or more bodies, 
elements or compounds, in any proportion without 
union. Each component of a mixture still retains its own 
individuality and properties,’ and separation may be effected 
by mechanical means. 

8. List of Elements.—Although the number of different 
substances observed around us is practically infinite, yet there 
are comparatively few elements. Practically, all natural bodies 
are mixtures either of elements or compounds; in many of 
the mixtures, however, one element or compound largely pre 
dominates, while in a few cases the element or compound is i 
found in a condition of almost absolute purity. On investiga¬ 
tion these natural mixtures and compounds are found to be 
capable of resolution into elements, and although the com- 
pounds*are so diverse in character, yet it is estimated that 
nine hundred and ninety-seven thousandths of the earth’s 
crust is composed of only nine elements. In addition to 
these nine very plentiful elements, there are about thirty that 
may be termed common, while the remainder of the list, given 
in the subjoined table, are rare or very rare. It should be 
noticed that our definition of an element is a somewhat tenta¬ 
tive one ; it is not said that an element is a body which cannot 
be. separated into dissimilar substances, but a body which has 
not. The accepted list of elements has «undergone some 
curious vicissitudes. With the advance of chemical science 
certain bodies at one time supposed to be elements tave been 
discovered to be compounds, and as more substances have 
been subjected to chemical research and by more refined and 
powerful modes of examination, a number of elements existing 
in only minute quantities havq been added to the list. One 
of the most striking examples of the discovery of the com- 
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poupd nature of supposed elements wasShat of the decompo¬ 
sition by Sir Humphrey Davy of potash and soda, previously 
ranked as dementary bodies, into the metals potassium and 
sodium, and oxygen and .hydrogen. It may be fairly assumed 
that as investigation continues new flemcnts will be discovered, 
although most probably in exceedingly minute quantities. 
Reference is subsequently made to recent examination of some 
of the bodies at present in the List of Elements. 

The following table contains a list of the known elements, 
and also their symbols, atomicities or valencies, where known, 
and combining or atomic weights. (These latter terms will 
receive explanation in later parts of this work.) The com¬ 
bining weights given are those recently adopted (1903) as 
a series of international atomic weights, and' are based on 
results obtained in the course of most careful and exhaustive- 
experiments. 1 

, For most purposes the nearest whole number or whole 
number with 0-5 may Ire employed. Thus arsenic may be 
taken as 74-5, oxygen as 16, and so on. 


Elements, Symuols, Valencies, and Atomic Weights. 


Name 

Symbol 

Atomicity 
or Valency 

Aluminium . 

. . A1 

IV 

Antimony (Stibium) . 

Sb 

V 

Argon 

A 


Arsenic 

As 

V 

Barium 

15a 

11 

Bismuth 

Bi 

V 

Boron . . 

B 

111 

Bromine 

. . Br 

I 


Combmin* or 
Atomic Weight 

H = r. 

0 = 16. 

26-9 

27*1 

**9’3 

i2o‘a 

39‘6 

39‘9 

74‘4 

75"° 

*364 

>37*4 

206‘9 

208 '5 

io'9 

11V 

79’36 

79-96 


1 It was formerly supposed that, the atomic weight of hydrogen being 
taken as ro, that of oxygen was exactly i6 - o ; and while this was believed 
to be true, it was a matter of indifference whether other atomic weights 
were compared withjhat of hydrogen or of oxygen. But more recently it 
has been found that, the atomic weight of hydrogen being 10, that ot 
oxygen is 1J'88 ; in order, therefore, to provide for comparison of other 
atomic weights with that of oxygen as 16, two separate columns are given, 
in the first of which hydrogen is taken as t oo, and in the second oxygen 
as i6‘oo. The student will find this made clearer to him by his subsequent 
reading, but for the present it is sufficient for him to note that in both 
columns the numbers given for hydrogen and oxygen bear the same pro¬ 
portion to each other; thus in 

Column T„ t oo X J5'SS = 15 88 j and in 
Column II., 1 008 x 15 88 = 16 00. 
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Name 

Symbol 

Atomicity 
or Valency 

uompitung or 
Atomic Weight 

Cadmium . 

, Cd 

II 

Hast, 
n i '6 

0 = 16. 

Cattum .... 

. Cs 

I 

132*0 * 


Calcium . 

. Ca 

II 



Carbon . 

C 

• IV 

it'91 


Cerium .... 

. Ce 


139° 

140-0 

Chlorine . 

■j Cl 

I 



Chromium .... 

Cr 

VI 



Cobalt. 

. Co 

IV 



Columbium (Niobium) 

. Cb 


93’3 


Copper (Cuprum) 

. Cu 

11 

631 

63-6 

Erbium . 

K 


164-8 

166-o 

1 * LUOKINK .... 

V 

I 



Gadolinium 

. (Id 




Gallium .... 

. » Ga 


69*8 

70-0 

0 ennanium 

. Ge 




Glucinum ( ikryllium) 

Gi 




Gold (Aurum) 

. ” a 

III 

* 95*7 

1972 

Helium .... 

He 




11 VI>K(l(iKN . . . . 

H 

I 



In,hunt .... 

In 

III 


• 114*0 

Iodine . . . . 

I 

I 


126-85 

Iridium . * . 

li 

IV 



Iron (I'erium) 

l-V 

VI 

55‘5 


KkVI’ION . 

Kr 


81 *2 

81*8 

Lanthanum 

. I.. i 




l^ead (Plumbum) 

Pl» 

IV 

ao 5*35 

206 "0 

Lithium .... 

l.i 

1 

6-98 


Magnesium .... 

Mi 

II 

24-18 

24*36 

Manganese .... 

Mn 

VI 

54’6 


Mercury (Uydiaigynnn) 

llg 

11 

198-5 

200*0 

Molybdenum 

Mu 

VI 


96-0 

Neodymium 

Ne 


*42-5 

* 43*6 

Neon. 




20*0 

Nickel .... 

Ni 

IV 

58*3 

58*7 

Nitkockn .... 

N 

V 

* 3*93 

14-04 

<h tnlh nr .... 

Os 

VI 

189-6 

X91*0 

OXYC.KN .... 

. 0 

II 

15*88 

16*00 

Palladium .... 

I’d 

IV 



Phosphorus 

p 

V 

30-77 

31*0 

Platinum .... 

Pt 

IV 

193*3 


Potassium (Kaliuin) . 

K 

I 

38S6 

39**5 

Praseodymium . 

. I'r 


* 39*4 

1405 

Radium .... 

. Ra 


223-3 


K hath um .... 

Kli 

IV 

102*2 


Rubidium .... 

Rb 

1 

84-8 


Ruthenium 

. Ru 

VI 

IOO'9 

101*7 

Samarium .... 

. Sin 



150*0 

Scandium .... 

So 



44 '* 

Selenium .... 

. Se 

VI 

78 6 


Silicon .... 

. Si 

IV 

28-2 


Silver (Atgentum) 

Ag 

1 

107*12 

*° 7'93 

Sodium (Natrium) 

. Na 

1 

22*88 


StronMum .... 

. Sr 

II 


87-6 

SUM-IK'K .... 

. S 

VI 

3**83 

32*06 

Tantalum .... 

1 a 

V 

i8t*6 


Telluri m ... 

'1 e 

VI 

126*6 


Terbium .... 

. Tb 


1588 

• 160*0 

Thallium .... 

. Tl 

HI 

202*6 

204*1 

Thorium .... 

. Th 


230 8 

232*5 

Thulium .... 

Tin 


l6 9'7 

n8"t 

17**0 

Tin (Stannum) . 

. Sn 

IV 

1190 

Titanium .... 

li 

IV 

47*7 

48*1 

Tungsten (Wolframi urn) . 

W 

VI 

1826 

184-0 

Uranium .... 

U 

VI 

236*7 


Vanadium .... 

V 

V 

50 8 


Xknon .... 

X 


127-0 

1280 
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Name 

or'vlileiicj 

Combining 01 
t Atomic Weight 



II = «. 

0 = 16. 

Ytterbium ■ 

Yl) 

171-7 

1730 

Yttrium ■. - 

. . Yr 

. . /.. 11 

88’3 

8.vo 


<4 9 

65'4 

Zirconium . 

IV 

8 y'y 

<>>t> 


9. Metals and Non-Metalfi.—The elements have been 
divided into two groups, according to whether they are me¬ 
tallic or non-metallic in their nature. The metallic properties 
are very decided in a metal such as either iron, copper, or 
gold; and equally it is obvious that such bodies as sulphur 
and phosphorus are not metals. But although the properties 
of these are very definite, a m»»ber of other bodies are much 
less marked in character ; in fact there is no well-defined line 
of divisidn between the two classes, as the one series gradually 
merges into the other. Thus the element' arsenic, which 
occupies an intermediate position, is placed by some chemists 
among the metals; and by others among the non-metals. In 
^physical character the metals are, in mass, opaque bodies, 
having a peculiar lustre termed metallic; they are compara¬ 
tively good conductors of heat and electricity. These pro¬ 
perties do not exclusively belong to the metals, for carbon 
in the form of graphite has a very decided metallic lustre, 
and conducts electricity well. Chemically, the metals as a 
whole form oxides which act as bases, while the non-metallic 
oxides form acids, but even in this respect the two series over¬ 
lap eaeh other. The non-metals in the table just given are in¬ 
dicated by being printed in small capitals; the common metals 
are printed in ordinary type, and the rarer metals in italics. 

At ordinary temperatures two of the elements — mercury and 
bromine -are liquid; six—hydrogen, chlorine, fluorine, oxygen, 
nitrogen, and argon—are gaseous, but can be liquefied by intense 
cold and pressure*. The remaining common elements are solid, 
but at varying temperatures have been liquefied, with the ex¬ 
ception of carbon, which so far has only been slightly softened 
with the highest, temperatures at our command. 

10 . Composition of the Earth’s Crust.— From analy¬ 
sis of various samples of rock and rock-forming materials, it 
has been estimated that the earth’s crust has the following 
approximate composition 




Modes of Chemical Action 13 


Oxygen 

. . . 480 

Silicon 

290 

Aluminium 

80 

Iron .... 

60 

Calcium . 

Magnesium . mJ . 

• * • • 30 

20 

Sodium 

20 

Potassium . 

IS 

Hydrogen. 

2 

Other elements . 

• ’ * __J 


1000 


11. Modes of Chemical Action.— Although chemical 
actions vary greatly in character, they may be all classified 
under the following five heads. * 

I. Direct Union, or Synthesis.—The word synthesis 
means a putting together, and the operation is termed synthesis 
when new compounds are built up by the combination of ele¬ 
ments, or by the combination of simpler to form more complex 
compounds. The simplest type of synthesis is that of direct 1 
union of the bodies; of this we have examples in the combina¬ 
tion of magnesium and oxygen to form magnesia, sulphur and 
copper to form copper sulphide, and many others. 

II. Emplacement.—The various elements possess different 
degrees of chemical activity; thus some, such as magnesium, 
enter into combination with other elements with great readi¬ 
ness ; others, as platinum, form comparatively few compounds. 
In consequence of such differences in activity some elements 
are able to displace others from compounds already formed. 
Thus iron is a more active element than copper, and if a piece 
of iron be placed in a solution of a compound of copper and 
chlorine, the iron displaces the copper; a compound of iron 
and chlorine is formed, and copper is liberated in the free state. 
Again, chlorine is a more active element than oxygen, and it 
water, a compound of oxygen and hydrogen, be submitted to 
the action of chlorine, the latter element displaces the oxygen, 
and a compound of chlorine and hydrogen is formed. 

III. Mutual Exchange.—When two or more compounds 
are brought together, there aje sometimes conditions which 
lead to an exchange between them of their various constituent 
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elements. Thus, if solutions of mercury«hloride (a compound 
of Wrcury and chlorine) and potassium iodide (a compound 
of potassium and iodine) be mixed together, the mercury and 
iodine, through mutual attraction, unite to form a new com¬ 
pound—mercury iodide. So, Poo, the remaining elements, 
potassium and chlorine, also unite to form a new compound, 
potassium chloride. Putting it in other words, the mercury 
has under these conditions a greater attraction for iodine than 
for chlorine, and consequently the mercury takes the iodine, and 
hands over the chlorine to the potassium. The causes which de¬ 
termine such interchanges will receive subsequent examination. 

IV. Be-arrangement of Particles.—This class of chemi¬ 
cal action belongs almost exclusively to the domain of organic 
chemistry. There are many examples of compounds in which, 
without altering the proportions of each element present, fresh 
compounds may be formed by changing the arrangement of 
the particles within the compound. Such changes may be 
'fcompared to those in which the same letters by transposition 
may be caused to form two distinct words. 

V. Direct Decomposition, or Analysis.—This type of 
chemical action is just the exact opposite of the first mentioned, 
and consists of the breaking up of a compound either into 
simpler compounds or elements. The word analysis means a 
separating or taking apart. A very striking example of analysis 
is that of heating the compound termed mercury oxide, and thus 
separating it into gaseous oxygen and liquid metallic mercury. 

As stated, the first and last of this series of modes of chemi¬ 
cal action are the one an example of direct synthesis, and the 
other of direct analysis ; in chemical action by mutual exchange, 
both analysis and* synthesis occur. First, the compounds are 
separated into tljeir constituent elements, and then these ele¬ 
ments combine, and by synthesis produce the new compounds. 
It is frequently much more convenient to prepare a compound 
by this indirect method of synthesis rather than by direct union 
of its constituent elements. 


12. Relation of Chemical Action to Heat.— When¬ 
ever chemical combination occurs heat is evolved as one of 
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the results' This isj seen very strikingly in such everyday 
chemical actions as the burning of a fire, or in the slaking 
of lime. The bricklayer takes quicklime, and, ar, a prelimi¬ 
nary step to the making of mortar, adds water to the lime; 
the two combine to produce, if no excess of water is 
used, a dry powder consisting of slaked lime. In this act of 
combination, heat is liberated in considerable quantities. Let 
it be remembered that chemical combination is invariably 
accompanied by the production of heat, and this pro¬ 
duction of heat is one of the best proofs of the occur¬ 
rence of chemical combination. On the other hand, in 
order to separate a compound into its elements heat is necessary 
and disappears as such, being stored up in the elements in 
such a way as to be again liberated on their re combination. 
In chemical action by displacement or mutual exchange, there 
is both absorption and liberation of heat; because first the 
compound bodies are decomposed, and then new combina¬ 
tions are effected. Usually in such cases the heat of combina-’ 
tion is more than that absorbed by decomposition. There are 
a few apparent exceptions to the first statement made, as when 
hydrogen arid iodine combine; but in these cases it will be 
found fcat decompositions as well as combinations have 
occurred, and the former action has absorbed more heat than 
is liberated by the latter. 

13. Contact necessary for Chemical Action.—The 

whole of the various modes of chemical action are combination, 
decomposition, or interchange of particles ol matter; from the 
very nature of such changes it is necessary that the bodies 
participating be in actual contact. Thus, we know that under 
the influence of heat copper and sulphur coipbine, with vigor¬ 
ous chemical action ; but if they are separated by an interval of 
space, combination is obviously impossible. Of necessity, then, 
we lay down the law that chemical aotion oan only oocur 
between bodies actually in contaot. In illustration of 
this point, potassium chlorate and sugar may Ire mixed together, 
and then touched with a glass rod moistened with concentrated 
sulphuric acid ; vigorous combustion immediately occurs, but 
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while the two are separated by an interval, however small, no 
action whatever ensues. 

In order that chemical action once commenced shall con¬ 
tinue, it is necessary that means be provided for removing the 
products of such action as rapidly as formed, so that fresh por¬ 
tions of the substances may be brought into contact. The 
requisite mobility of particles necessary for this is best obtained 
by having one at least of the bodies in the liquid state. Either 
the bodies may, for this purpose, be dissolved in some suitable 
medium, or they may be liquefied by fusion. 

In the matter of contact, chjmical action apparently differs 
from heat and electricity as examples of other natural forces. 
Thus heat acts over great distances, as when the sun imparts 
heat to bodies on the earth ; a glowing mass of red-hot iron 
will melt and inflame a piece of phosphorus placed some inches 
from it. So, too, an electrified glass, rod attracts a pith ball 
held a considerable distance away. The difference, however, 
’is apparent rather than real, for these forces only act at a dis¬ 
tance by means of a medium which fills the space between the 
two objects and thus produces continuity. The pull of a steam- 
engine may act on a mass of matter at some distance, because 
they are connected by a rope. Between the sun and fire earth 
there is a medium by which the force of heat acts, which is 
just as real, though not so tangible, as the rope between a 
steam-engine and the bucket of ore it may be raising from the 
depths of a mine. 

14. Heat Measurements.—Chemical action and heat 
are so materially dependent on each other that it becomes 
necessary for the chemical student to be familiar with the most 
important measures of heat. 

r 

15. Temperature.— The commonest heat-measure we 
have is thet which we gain by means of the sensation of warmth 
it produces. According to the character of this sensation a 
body is said to be cold, warm, or hot. These terms' all refer 
to the power which the body has of communicating heat to 
other bodies. The measure />f this power is termed tem¬ 
perature, which is more exactly embodied in the following 
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definition Tho temperature of a body is a measure of 
the intensity of its heat, and is further defined as the 
thermal state of a body considered with reference to its 
power of communicating heat to other bodies. 

16. The Thermometer.— For scientific purposes the 
sensations are not sufficiently accurate methods of measuring 
temperature; accordingly temperature is usually measured by 
certain of the effects which heat produces. Among these one 
of the most convenient is that most bodies expand with an 
elevation of temperature. Thi%expansion is distinctly percep¬ 
tible with solids, occurs to a greater extent in liquids, and most 
of all with gases. For the general purposes of temperature- 
measurement, the metal mercury is the most convenient sub¬ 
stance. This liquid, enclosed in a suitable vessel, constitutes 
the temperature-measuring instrument termed a thermometer. 
In constructing a thermometer, a bulb is blown at one end of 
a glass tube of very narrow bore; the bulb and a portion of 
this tube are next filled with carefully purified mercury ; this 
is boiled and thus all air and moisture are driven out of the 
tube; the open end is then hermetically sealed, by fusing the 
glass itself. One then has the bulb and a portion of the tube 
filled with mercury, and the remainder of the tube a vacuum, 
save for the presence of a minute quantity of mercury vapour. 
Onj(ieating the bulb of this instrument the mercury expands 
and rises considerably in the stem. Throughout any body or 
series of bodies, heat has a tendency to so distribute itself that 
the whole series shall be at the same temperature, consequently 
if the thermometer be placed in contact with the body whose 
temperature it & desired to measure, a redistribution of heat 
occurs, until the two are at the same temperature. That is to 
say, if the body be the hotter it yields heat to the thermometer, 
and if it be colder it receives heat from the thermonftter until 
the temperature of the two is the same. The two being in 
efficient contact, this stage is indicated by the mercury be¬ 
coming stationary in the thermometer. Now the vojume of 
mercury is constant for any owe temperature; therefore, to 
register temperature, it is only necessary to have further a 

- c 
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scale or series of graduations attached to the stem of the 
instrument, by which the temperature may always be read 

C 

17. Thermometric Scales.— In graduating thermo¬ 
meters, two fixed points of temperature are almost universally 
employed : these are the temperatures of melting ice, and of 
th# steam from boiling water. Certain simple precautions 
being taken, these temperatures are always constant. It is, in 
addition, necessary to graduate the thermometers, so as to 
register temperatures intermediate between these two points, 
and also below and above themr The most convenient system 
of graduation is that of Celsius, known also as the centigrade 
scale. In this scale the distance between the melting-point of 
ice (or the freezing-point of water, as it is commonly termed) 
and the temperature of steam at ordinary pressure is divided 
into 100 equal graduations or degrees. (This latter tempera¬ 
ture is more commonly described as being that of the boiling- 
point of water.) The freezing-point is called zero, or 0°, and 
the boiling-point ioo°. Degrees of the same value arc set out 
above and below the boiling and freezing points: the tempera¬ 
tures below o° are reckoned in - degrees, counting down¬ 
wards; thus 10 degrees below the freezing-point is — io°, and 
so on. Degrees above the boiling-point simply count upwards; 
thus 10 degrees above the boiling-point is no 0 , and so on, 
to as high temperatures as have been measured. This scale 
is exceedingly convenient, and is that most largely used by 
scientific men in all countries; it is also the scale adopted for 
general use in France. In England the scale known as that 
of Fahrenheit is commonly adopted: the distance between the 
freezing and boiling points is divided into 180 equal parts, 
and degrees of the same dimensions set out above and below 
the boiling and freezing points. Fahrenheit assumed that 
the greatest cold attainable was 32 degrees below the freezing- 
point, and accordingly took that point as his zero and reckoned 
from it upwards. The freezing-point thus became 32 0 F., and 
the boiling point 32 +180=212° F. Degrees below the Fah¬ 
renheit zero reckon downwards*as minus degrees. In Germany 
and Russia temperature is reckoned on the R&mur scale, in 
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• 

which the freezing-point is o° and the boiling-point 8o°. lt*is 
frequently necessary to be able to compare these scjles and to 
translate temperatures from any one into another. The fol¬ 
lowing comparative values of tie degrees of each scale will be 
of assistance to the student ifi doing this:— 


! Centigrade degree 

I ii i* 

I Fahrenheit 
I 

I Reamur , 

■ 


. = l Fahrenheit degree. 

. - * Reamur ,, 

. = | Centigrade „ 

, Rdatmir „ 

. »l Centigrade „ 

# ^ = J Fahrenheit „ 


Conversions from centigrade to Reamur, and vice versi, are 
very simple, because the zero of the two scales coincide. So, 
too, it is easy to tonvert any number of degrees centigrade into 
the equivalent number of Fahrenheit degrees above the freez¬ 
ing-point ; but after this is done provision must be made for 
the difference of the zeros. The same holds good for the con¬ 
verse operation. The following formulae show how tempera¬ 
tures on the one scale may be converted into those of another 


Centigrade to Fahrenheit 

• 

. C '° * ^ + 32 -- F.° 

»» it 

R&imur . 

. . c -°* 4 = r. 0 

5 

Fahrenheit ,, 

Centigrade 

(F.°- 3 Z)* 5 _ C o 

9 

»» >t 

Reamur . 

. (Fi 1 :. 3?). x „4 = r.° 

9 

Reamur „ 

Centigrade 

R*° * 5 _ £ 0 

4 

»i n 

Fahrenheit 

. r : o * 9 +3 z=F .0 

4 


The accompanying figure (No. 3) exhibits the three scales 
side by side, and shows the number of degrees on each for one 
and the same temperature. 


18 . Quantity of Heat— Temperature is not a measure 
of quantity of heat, for a thermometer would indicate the 
same temperature both in a vfcssel containing a pint, and 
one containing a gallon, of boiling water, although it ii 
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evident that the one must contain eight times 
as much heat as the other; further, to raise the 
gallon of water to the boiling-point, eight times 
the amount of heat necessary to similarly raise 
the pint is required.' This leads us to the mode 
of measuring and indicating quantity of heat. 
Quantity of heat is measured by the 
amount necessary to raise a certain weight 
of some body from one to another fixed 
temperature. The quantity of heat neces¬ 
sary to raisel'gram of water from 0° to 
1 ° C. is termed a Unit of Heat. 

The quantity of heat necessary to raise diffe¬ 
rent substances through one degree of tempera¬ 
ture varies very considerably. The quantity 
of heat necessary to raise 1 gram of any 
substance through 1 degree of tempera¬ 
ture is termed its Specific Heat. From this 
definition it follows that the specific heat of water 
at o" C. is unity. 

o 

19. Symbols and Formulae.— For con¬ 
venience of description, each element has an 
abbreviation of its full name, called its 
symbol. These abbreviations consist, where 
practicable, of the initial letter of the Latin 
name of the element. As, however, there are 
seventy-eight elements in the preceding tabic, 
and only twenty-six letters in the alphabet, a 
large number of the symbols are composed of 
the initial and another distinctive letter selected 
from the name. Thus, the three elements car¬ 
bon, chlorine, and copper (cuprum), all have 
names commencing with ‘ C; ’ carbon, being the 
most important element, has the letter C for its 
symbol, while Cl and Cu are written respectively 
for chlorine and copper. The symbols are given 
in the Table of Elements, on p. 10 
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Symbols and Formulae 

As all compound bodies are the result of the union ol 
elements, they may be conveniently expressed symbolically*!)? 
placing side by side the symbols of the constituent elements. 
Tho symbol of a compound is.tormed its formula. 
Thus common salt consi^pf of sodium and chlorine, and 
NaCl is accordingly written for its formula. 

20. Further Uses of Symbols and Formulae; 
Law of Chemical Combination by Weight— Simply 
as abbreviations of the full names, symbols and formula; arc 
of great service; this, however, is but a small part of their 
significance and value in chemistry. In order to explain their 
further use, reference must be made to certain information 
gained by experiment, careful attention to which is’directed. 
The following table gives the composition by weight of a 
number of compounds, as obtained by most careful analysis 


Name of Compound 
Hydrochloric acid 
Sodium chloride 
Silver ,, 

Water . 
Silve^oxide . 
Copper chloride 
,, oxide 


Composition 

I ‘o of hydrogen, 35'1S of chlorine. 
22\SS ,, sodium, 35-13 „ ,. 

107-12 „ silver, 35-18 ,, „ 

2'0 ,, hydrogen, I5*.SS ,, oxygen. 

214-24 ,, silver, 15 SS ,, ,, 

63-1 ,, topper, 70-36 ,, chlorine. 

63"I ,, „ 15 S3 „ oxygen. 


Examination of this table shows that the quantity of each 
element present in each compound is either a particular 
number, or multiple of that number. The more extended 
the list of compounds subjected to examination, the more 
striking is the evidence that each element has a certain unit- 
quantity of combination of definite weight. It is possible 
to assign to every element a number, which number, 
or its multiple, shall represent ths proportionate 
quantity by weight of that element whiob enters 
into any chemical compound. These numbers are 
termed the combining or atomio weights of the ele¬ 
ments, and are deduoed from results obtained on 
actual analysis. In addition to its use as an abbreviated 
title of any element, the symbol represents the quantity 
of the element indioated by its combining weight. 
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When compounds contain multiples of the combining weight 
of* any element the fact is indicated by placing a small figure 
after the symbol and slightly below the line. The large figure 
at times used before a symbol or formula applies to the whole 
of the symbol or formula winch follows. The combining 
weights are given in the preceding table of the elements. 

In hydrochloric acid the weights of hydrogen and chlorine 
respectively are the same as those given in the table of com¬ 
bining weights; therefore, the symbol is HC 1 , which indicates 
that that body has been found to consist of i by weight of 
hydrogen, and 35'nS of chloriqe. Sodium chloride and silver 
chloride are in the same category, and accordingly have re¬ 
spectively the formula; NaCl and AgCl. Water contains twice 
the combining weight of hydrogen to one combining weight 
of oxygen; this is expressed in the formula by writing II a O. 
Similarly, silver oxide contains twice the combining weight of 
silver, and has the formula Ag a O. Copper chloride contains 
twice the combining weight of chlorine, and has consequently 
the formula CuCI 2 ; copper oxide has, however, simply one 
combining weight each of copper and oxygen, and has CuO 
as its formula. Tho quantity of an element represented 
by its combining weight may be termed ‘ one combin¬ 
ing proportion ’ of that element. A word of caution may 
not be here out of place as to the views with which tables of 
combining weights are regarded. These tables embody the 
conclusions to which chemists as a whole have arrived as the 
result of exhaustive experiment; but important alterations have 
in the past been made in such tables, and may have again to 
be made. Further, the young student especially must avoid 
getting into the train of reasoning that because hydrogen and 
chlorine, for instance, have as combining weights the numbers 
1 and 3S'i8, therefore they unite in these proportions. The 
true course of reasoning is that experiment has shown that they 
combine in such proportions, and therefore those numbers 
have been given them as their combining weights. 

21. Atoms and Molecules.— The fact that the quantity 
of every element which enters into combination is either a 
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certain definite and uiltliangealile weight, or a multiple of that 
weight, has caused chemists to regard tiiis weight of a com¬ 
bining proportion of an element as in some way associated with 
its physical nature. This view is strengthened by the fact that 
throughout the whole serieg of known compounds each cle¬ 
ment invariably obeys this law. Chemists are therefore led to 
assume a unit of chemical combination, and to this they have 
given the name of ‘atom,’ a word which signifies that which fs 
indivisible. For chemical purposes, An atom may bo defined 
as the unit quantity of chemical combination of each 
element, and is the smallest quantity of any element 
which has been caused to enter into, or to be expelled 
from, a chomical compound. For the phrase ‘ combining 
proportion,’ the term ‘ atom ’ may be substituted. The com¬ 
bining weight is thus the relative weight of the atom 
of each elemont compared with that of hydrogen, 
which, being the lightest, is taken as unity. 1 

The little group of atoms represented by the formula of a* 
compound is termed a ‘molecule.’ A molecule is the 
smallest possible particle of a substance which is 
capable of separate existence. No subdivision of mole¬ 
cules 0? chemical compounds is possible without the decom¬ 
position of such compounds either into the atoms of the 
constituent elements, or into two or more molecules of some 
simpler chemical compound or compounds. 


22. Elementary Molecules.— The definition just given 
of molecules applies not only to compounds, but also to ele¬ 
mentary bodies. The elements in the free or uncombined 
state exist in the form of molecules, Vueh molecules 
in most cases consisting of two or more atoms united 
together. The number of atoms present in thfi molecule 
of an element, is shown by a small figure after the symbol ; 
thus a molecule of oxygen, containing two atoms, is repre¬ 
sented by When in any case it is desired to express 
symbolically a number of atoais of an element, this must be 


1 See footnote on p. 10. 
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dqne by the use of a large figure before the symbol; thus 20 
or 30 means simply two or three atoms of oxygen, but 0 2 or 
O s would'mean that the molecule contained either two or 
three atoms of oxygen as the cap might be. 

The whole atomic and molectflar theory will subsequently 
receive more ample description and explanation. 

23. Chemical Equations. —Chemical changes are most 
conveniently expressed by what are termed ‘ chemical equa¬ 
tions ; ’ these consist of the symbols and formulae of the 
bodies participating placed (>e<bre the sign =, while those of 
the resulting bodies follow. 

As an example, the following equation represents the 
chemical action occurring when solutions of mercury chloride 
and potassium iodide are mixed together. 

HgCl 2 + 2 KI = Hglj + 2 KC 1 . 

Mercury Potassium Mercury Potassium 

chloride. iodide. iodide. chloride. 

With the assistance of a table of atomic weights, the chemist 
learns from this equation that a molecule of mercury chloride, 
consisting of one atom of mercury, weighing lyS's,.together 
with two atoms of chlorine, each weighing 35 ; and two mole¬ 
cules of potassium iodide, each consisting of one atom of 
potassium, weighing 39, and one atom of iodine, weighing 
126, together yield or produce one molecule of mercury iodide, 
consisting of one atom of mercury, weighing iqS'S, and two 
atoms of iodine, each weighing 126; and two molecules 
of potassium chloride, each of which contains one atom of 
potassium, weighing 39, and one atom of chlorine, weighing 
35. As no chemical change affects the_ weight of 
matter, the vfeight of the quantity of a compound 
represented by its formula must be the sum of those 
of the constituent elements; so, too, the weight of the 
bodies resulting from a chemical ohange must be the 
same as that of the bodies before the ohange, whatever 
it may be, had ocourred. Also the same number of atoms 
of each element must appear* on each side of the equation. 
Although from a chemical equation and table of atomic 
weights it is possible to state what relative weight of each 
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element is concerned in any chemical action, it must never he 
forgotten that the combining weights were always 
determined in the first place by chemicar analysis 
and then the equation compiled ’from the data thus 
obtained. 


CHAPTER II 

m 

OXYOKN AND OZONIi 

Oxygen. -Symbol, O. Atomic weight, 15 ' 88 . Den¬ 
sity, 15 - 88 . Specific gravity, 1 T 033 . Molecular formula 
and weight, O.., 31 ' 76 . Boiling point,- 130 ° C. under 
475 atmospheres. 

The density of a gas is its weight, volume for volume, compared with 
hydrogen taken as unity ; the specific gravity is its weight compared with 
that of an equal volume of air. Molecular weight and volume arc explained 
in Chapter VI. 

24. Occurrence. —Oxygen occurs plentifully in nature, 
both in the free state and in combination with other elements. 
About one-fifth of the atmosphere consists of this gas in the 
elementary form. Water contains eight-ninths of its weight of 
oxygen, and of the eartii’s crust some 48 per cent, consists of 
this element. 

25 . Discovery. —The credit for the discovery of this 
gas has been claimed by Lavoisier, and also by Priestley of 
Birmingham ; to the latter, however, it undoubtedly belongs. 
Priestley discovered, in 1774, that on heating mercury in contact 
with air a remarkable change ensued. To study this chemical 
action the apparatus shown in fig. 4 may be employed. 

The flask a is provided with a neck of considerable length, 
so bent as to pass up into the interior of the gas-jar 
shown in the figure. Inlo this flask one or two ounces of 
mercury are introduced; the trough containing the gas-jar is 
also partly filled with mercury. The result is that direct ; 
communication exists between the air in the flask and that in 
the gas-jar; while both are cut off from the external atmo¬ 
sphere. The flask is next heated to very nearly, but not quite, 
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the boiling-point of mercury, and maintained at that tempera 
ture for some days. Gradually the enclosed volume of aii 
becomes less, and on allowing the mercury to cool, red scales 
are seen to have been formed on its surface. These red scales 

C 

Fig. 4 



consist of mercury oxide, and have been formed by the com 
bination of mercury with the free oxygen of the atmosphere 
according to the following equation— 

2 Hg + O, = 2HgO. 

Mercury. Oxygen. Mercury oxide. 

On removing these red scales and subjecting them to a 
stronger heat, they are again decomposed into mercury and 
oxygen— 

2 HgO = 2 Hg + O r 

In this way oxygen gas was first discovered and isolated. 

26. Preparation.- Oxygen can be obtained from the 
oxide of*mercury as has been just described ; but the oxide 
itself is much more conveniently prepared by other and less 
direct methods than those employed by Priestley. 

A tube of difficultly fusible glass (combustion-tubing) is 
prepared, and to it a cork and delivery tube are attached. 
The tube is partly filled with mercury oxide, and arranged 
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as in fig. 5, with the delivery tube leading into a pneumatic 
trough. The mercury oxide is heated by means of a bunsen 
burner, and slowly decomposes ; the oxygen passes over into 
the jar arranged in the trough, and metallic mercury condenses 



m the cooler parts of the combu 5 tion-tube. This method 01 
preparing oxygen is only employed as an illustration of the 
historical process, as mercury oxide is expensive, gives off but 
a small proportion of its weight as oxygen, and that at only a 
comparatively high temperature. 

It m^ be well here to explain the principle on which gases 
are collected over water or other liquid in the pneumatic trough. 
In fig. 5 the front of the trough is cut away so as to exhibit the 
beehive shelf on which the gas jar stands. This beehive is a 
vessel shaped somewhat like a gallipot, with a hole in its side 
and another through the bottom. The gas jar is first filled with 
water and then placed on the beehive shelf in an inverted 
position. The leading tube from the gas-generating apparatus 
is inserted through the side of the beehive shelf, and the gas in 
bubbling upwards displaces the water in the jar. As soon as 
the latter is full its mouth is covered with a ground-glass plate, 
the face of which has been greased. Another jar is placed in 
position and filled. This operation proceeds untiUsufficient 
gas is collected. Unless a gas is soluble in water this is the 
most convenient method of collecting it for general laboratory 
purposes. At times, gases are collected over mercury instead 
of water, while with very soluble- gases the plan is adopted of 
collecting them by ‘ displacement.’ 
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, Oxygen is now most frequently jftepared, for laboratory 
purposes, by heating a salt termed potassium chlorate, KC 10 S , 
when the* whole of the oxygen is evolved, and potassium 
chloride only remains. • The reaction occurs in three distinct 
stages, according to the following equations. First the potas¬ 
sium chlorate is decomposed into potassium chlorite and 
perchlorate. 

2 KC 10 3 = KClOj + KC 10 3 . 

Potassium Potassium Potassium 

chlorate. chlorite. perchlorate. 

Almost simultaneously the potassium chlorite is decomposed 
into potassium chloride and oxygen. 

KC 10 a = KC 1 + O,. 

Potassium Potassium OxygAi. 

chlorite. chloride. 

At a much higher temperature, the potassium perchlorate is 
also decomposed into potassium chloride and oxygen. 

KCIO, = KC 1 + 20 ,. 

Potassium Potassium Oxygen. 

perchlorate. chloride. 

For ordinary purposes the whole of the equation^ may be 
grouped together, showing only the final, and not the inter¬ 
mediate results, thus— 

2 KCIO, = 2 KC 1 + 30 ,. 

Potassium Potassium Oxygen. 

chlorate. chloride. 

Oxygen in a very pure form may be thus obtained, but the 
temperature at which it is evolved is somewhat high ; admix¬ 
ture of about one-quarter the weight of manganese dioxide 
with the potassium chlorate causes the gas to be evolved at a 
much lower tentperature and with much greater rapidity ; the 
manganese dioxide itself is found unchanged at the end of 
the reaction ; why this and some other substances act in this 
manner is not well understood. The gas obtained from the 
mixture is not quite so pure as that from the chlorate only, but 
is sufficiently so for most purposes. 

Many other of the metallic oxides (compounds of metals 
with oxygen) evolve oxygen on being heated. Among these 
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is manganese oxide, which is decomposed at a red heat into a 
compound containing a higher proportion of the metal, and 
into free oxygen:— 

3 MnO, = Vn, 0 4 + O s . 

Manganese dioxida, Manganese tetroxide. Oxygen. 

Prior to the employment of potassium chlorate, this was the 
usual method of preparing oxygen : a piece of iron tubing was 
closed at one end and partly filled with the manganese oxide ; 
to the other end a delivery tube was attached. The iron tube 
was placed in a fire or furnace, and oxygen gas was evolved. 

lead peroxide may be mentioned as another oxide which 
undergoes a somewhat similar decomposition under, the in¬ 
fluence of heat:-T- 

2 PbO a = 2 PbO + 0 3 . 

Lead peroxide. Lead monoxide. Oxygen. 

There is another somewhat important class of chemical 
actions in which oxygen is liberated in the free state; a full 
explanation of these is not practicable at present, but it may 
be stated that certain metals can form compounds in which a 
high proportion of oxygen is present; when they are caused to 
enter into combination with other substances in which the pro¬ 
portion of oxygen is less, that element is set at liberty, The 
following is an example of such a reaction:-- 

K 2 Cr 2 0 , + 4 H 2 SO, = K 2 SO ( + Cr 3 (S 0 4 ) 3 + 4 H 2 0 + 80 . 

Potassium Sulphuric Potassium Chromium Water. Oxygen, 

bichromate. acid. sulphate. sulphate. 

Reference will subsequently again be made to reactions of 
this type. 

27. Manufacture— As distinct from 1 p.eparation,’under 
which head laboratory processes are explained, it is intended 
to describe under the heading ‘manufacture’ those methods 
employed for the production of substances on a large scale for 
commercial purposes. 

Until recently the only practicable method of manufacturing 
oxygen was by heating the mixture of potassium chlorate and 
manganese dioxide, in large quantities, in suitable iron retorts 
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, There is another reaction known oy which oxygen may 
be obtained from the atmosphere, in which there is an inex¬ 
haustible Supply, provided we can only economically effect its 
separation. Barium oxide, at a dull red heat, absorbs oxygen 
and forms barium peroxide; at a»still higher temperature the 
absorbed oxygen is once more liberated, and this cycle of 
operations may be continued indefinitely. The changes are 
thus represented: 

2 BaO + O a = 2 Ba 0 .j. 

Barium oxide. Oxygen. Barium peroxide. 

2 BaO s = ^fcaO + 0 2 . 

Barium peroxide. Barium oxide. Oxygen. 

% 

It has been discovered comparatively recency that the same 
changes occur with a constant temperature, provided the pres¬ 
sure is varied. Brin’s Oxygen Company now works this process 
for the manufacture of oxygen in the following manner. The 
• barium oxide is heated to a suitable temperature in convenient 
receptacles, air being forced in under pressure. The oxygen 
is gradually absorbed, and when the stage of saturation is 
reached the pressure is removed and the absorbed gas re¬ 
covered by exhaustion with vacuum-pumps. Alternately air is 
pumped in, the nitrogen allowed to escape, and oxygen then 
pumped out. 

28 . Properties.—Oxygen is a colourless, odourless, taste¬ 
less, neutral, and non-inflammable gas, which, until 1877, had 
never been liquefied, and hence was formerly termed a 1 per¬ 
manent’gas. Oxygen is slightly heavier than air, and 15-88 
times as dense as hydrogen. It is slightly soluble in water, 
one hundred volumes of water at i5°C. dissolving about three 
volumes of oxygen. With a rise in temperature the quantity 
absorbed is less, and, by boiling, water can be almost entirely 
freed of the dissolved oxygen. Oxygen is also dissolved by 
several of the metals when in a state of fusion. Silver is the 
best known example. As the metal solidifies, the oxygen is 
liberated, thus giving rise to what is called the ‘spitting'of 
silver. Oxygen is distinguished from all other gases by its 
most important property of supporting respiration. Oxygen in 
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its pare state is far to8 active to perform this function satis¬ 
factorily ; in the atmosphere this difficulty is overcome by the 
presence of nitrogen, which acts as a diluting agent, there being 
approximately four volumes of nitrogen to one of oxygen in 
the air. Although the quantity of oxygen capable of being 
dissolved by water is so small, yet that amount possesses a most 
important function in nature, the breathing of fishes being 
supported by this dissolved oxygen. 

Oxygen also supports*the combustion or burning of inflam¬ 
mable bodies; it is because of its presence in the air that such 
bodies bum under ordinary corjdifions. All such substances 
burn with increased brilliancy in the pure gas. Thus a splinter 
of glowing wood bursts into flame on being introduced irtto a jar 
of oxygen, a property which serves as a usual test for the gas. 
When comparing oxygen with some of the substances produced 
by combustion in it, it is well to remember that it has no action 
on lime-water, neither does it change the colour of a solution 
of litmus. (I.itmus is a vegetable product of a blue colour.) 
Both these properties are capable of easy verification by 
experiment. A piece of charcoal heated to redness in a 
deflagrating spoon and then plunged into the gas burns most 
irightly; at the close of the combustion the residual gas is 
bund to turn lime-water milky, a property characteristic ot 
earbon dioxide gas:— 

C -f- O3 — CO3. 

Carbon. Oxygen. Carbon dioxide. 

Sulphur and phosphorus both bum with remarkable brilliancy 
n oxygen, the former producing sulphur dioxide gas, the latter 
ihosphorus pentoxide, a very deliquescent 1 white solid : 

s + 0, = so» 

Sulphur. Oxygen. Sulphur dioxide. 

P 4 4’ 60 a = 2P a 0j. 

Phosphorus. Oxygen. Phosphorus pentoxide. 

loth sulphur dioxide and phosphorus pentoxide change the 
olour of the blue solution of litmus to a bright red. Suitable 

1 Bodies are termed deliquescent which absorb moisture from the air, 
etoming damp, and sometimes perfectly liquid, as a result. 
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precautions being taken, the metal sodium may be burned in 
oxygen, with the production of solid sodium oxide :— 

4 Na + 0 , 2 Na a O. 

Sodium. Oxyge^ Sodium oxide. 

Sodium oxide readily dissolves in water, and changes the 
colour of litmus solution reddened by the addition of phos¬ 
phorus pentoxide, or other substances having a similar action, 
back once more to the original blue. Iron is one of the 
metals comparatively easily burned in oxygen. If a piece of 
fine iron wire be coiled into 3 helix, as shown in fig. 6, and 
then a piece of wax vesta be attached 
to the end, it may be caused to burn 
in oxygen gas. The gas should be 
contained in a jar open top and 
bottom ; the lower end is stood in 
a shallow vessel filled with water, 
having a sheet of paper below the 
surface. The vesta is lighted and 
the coil of wire immediately plunged 
into the gas, when it burns with 
most brilliant scintillation^ forming 
molten drops of iron oxide, which, 
were it not for the intervention of 
the paper, would fuse themselves 
into the glaze of the dish at the bottom, notwithstanding the 
presence of the water, 

3 Fe + 20 2 = Fe 3 0 ,. 

Iron. Oxygen. Iron tetroxide. 

If the iron oxide produced in this experiment be careful); 
collected and weighed, it is found to be heavier than was th 
iron before its combustion. This iron oxide is not soluble ii 
water, and is without action on litmus solution, 

29. Industrial Applications.— It is only comparative! 
recently that the industrial application of pure oxygen has bee 
seriously considered. It is at present used in conjunction wit 
hydrogen or coal-gas for the purpose of producing a w 
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brilliant light by the inRnse ignition of lime. Oxygen is also 
employed in the fusion of platinum, and with cheaper modes 
of commercial production may in the future*be used 
in other metallurgical operations. It has recently been 
discovered that chlorine blcrfbliiitg compounds have their 
energy much increased by the presence of oxygen in their 
solution. 

30. Oxides. —This name is applied to the class of bodies 
produrcd’by the combination of elements with oxygen. The 
whole of the commoner elements, with the single exception of 
fluorine, form one or more oxides the character of which varies 
with the nature of the combining element, and the number of 
atoms of each clement in the compound. One of the most im¬ 
portant distinctions between oxides is the property in virtue of 
which certain members of this group redden a solution of litmus, 
while others restore to such reddened litmus its blue colour; 
other oxides hold an intermediate position, producing no 
change in the colour of litmus and showing none of the other 
properties associated with these litmus colour-changes. The 
oxides which redden litmus, produce by combination with 
water a series of bodies termed acids, and are called acid 1 - 
forming oxides or anhydrides, while those which restore the 
blue colour are known as bases, or basic oxides. The basic 
oxides are mostly compounds of the metals with a low propor¬ 
tion of oxygen; compounds of some of the metals with higher 
proportions of oxygen, and also the oxides of most of the non- 
metals, are acid-forming oxides. The ‘intermediate’ oxides 
are compounds of a few metals. There is yet a fourth class 
of metallic oxides characterised by the presence of very high 
proportions of oxygen, which do not form acids and which are 
readily decomposed by heat, with the evolution of oxygen in 
the free state; these are usually termed peroxides. Although 
many oxides are very distinctive in their character, there are 
others which it is difficult to class; they act as weak bases 
under certain conditions, and form weak acids under others. 
Examples of the various classes, of oxides are given in the 
following table:— 


n 
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Hasic Oxi i>rs 


Sodium oxide, Nn.O 

Potassium oxide, 
K..0 

Calcium oxide, CaO 

Copper oxide, CuO 

Cuprous oxide, Cu a O 

Rarium oxide, RaO 

Manganese oxide, 
MnO 

j Manganese sesqui- 
I oxide, Mil.A 

; Chromium oxide, \ 

! CrO I 

I Chromium sesqui- [ 
oxide, CrO, ) 

Iron oxide, FeO \ 
Iron sesqui oxide, I 

! Fc,0, 1 

I Lead oxide, PbO 


Ann-roRMiNG 
Oxi OKS 


Sulphur dioxide, 
SO, 

Sulphur trioxide, 

SO, 

Phosphorus pent- 
oxide, P.,0, 
Carbon dioxide. 
CO, 

Nitrogen pent 
oxide, N,0, 


Manganic anhy¬ 
dride, MnO/') 
Permanganic anh, - 
dride, Mn.OX) 

Chromic anhydride, 
CrO, 


Ferric anhydride, 
FeO,(?) 


' Intermediate * 
Oxides 


Manganese tetrox- 
ide, M n A 


Chromium tetrox- 
ide, Cr.,0. 

Iron tetroxidc, 

Fe,0 4 

Lead tetroxide 

PbA 


Peroxides 


Rarium peroxide,. 
RaO,* 

Manganese dioxide, 
MnO, 


Chromium dioxide, 
Cr.O. 


Lead dioxide, PbO, 


Those oxides to which a note of interrogation (?) is attached 
have not as yet been isolated in the free state, although their 
corresponding acids or other compounds are known. The 
intermediate oxides arc usually viewed as compounds of other 
oxides with cacti oilier; thus iron tetroxide may be considered 
as a compound of the monoxide FeO with the trioxide Fe., 0 -,, 
and may have its formula written Fe 0 ,Fc a 0 3 . 

31. Tests for Oxygen. —Oxygen is commonly recognised 
by its property of rekindling into a flame a glowing splinter ol 
wood ; this property it possesses in common with nitrons oxide, 
N./). The addition of nitrogen dioxide, NO, to any gas con¬ 
taining free oxygen immediately causes the development of a 
reddish-brown tint, owing to the formation of nitrogen peroxide, 
NO,. As nitrous oxide does not produce this reaction, the 
two gases are thus readily distinguished. If a mixture be made 
of solutions of potassium hydrate, KHO, and pyrogaliic acid, 
this liquid rapidly absorbs oxygen and acquires a dark-brown 
colour. By the aid of this .reagent oxygen is removed from 
other constituents of a gaseous mixture. 
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Ozone ‘(Allotropic Oxygen). - Density, 23 82. 
Specific gravity, 16549. Molecular formula ai?d 
weight, 0.„ 47 p 64. 

32. Occurrence.—Ozone.is an interesting modification 
ot oxygen, of which traces ar* found in the air near the seaside 
and in the open country. It is produced when a frictional 
electric machine is being worked, and especially during the 
operation of the modern Voss and other similar type induction 
machines. Its presence is then easily recognised by its peculiar 
odour, which has given rise to the term ‘electric smell’ applied 
to the ozone tints formed. 

33. Preparation. O/one is best prepared by the, action 
of an electric discharge on oxygen, and it is in this manner 
that the electric machines produce ozone. The passage of an 
electric spark destroys much of the ozone almost simultaneously 
with its formation, hence some contrivance is necessary in 
which a silent discharge occurs, that is a discharge unaccom¬ 
panied by sparks, l'or this purpose, the discharge should 
occur between two surfaces of large area, a slow current of 
oxygen being passed between the two surfaces. The apparatus 
shown in* fig. 7 is arranged on this principle, and consists of 
an outer glass cylinder, A A, to which is attached a wooden 
cover. Through the centre of this lid passes a wide glass tube, 
open at the top and closed at the bottom. Near to its lower 
end a piece ol quill glass tubing is scaled and bent over so as 
to pass through the cover; this end is marked a. These tubes 
together form a U-tubc, having one wide and one narrow limb. 
Inside the wider tube, another of smaller size is introduced, 
also leading almost to the bottom, but quite closed, like a test- 
tube. At the line cc this inner tube is fixed to the outer one 
so as to make an airtight joint; at b a piece of*quill tubing is 
1 blown ’ into the wider tube. Gas may be passed in through b , 
and after traversing the narrow annular space between* the two 
tubes, it emerges at the bottom and passes upwards through 
the piece of quill tubing, emerging at a. To use the apparatus 
the inner tube and outer cylinder are both filled to nearly the 
top with dilute sulphuric acid (1 to 10), and a platinum elec- 
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metal.) me electrodes are attached by means of binding- 
screws to the wires leading from a powerful induction coil, the 
electric current from which is conducted by the diltfte acid to 
the surfaces of the tubes arranged within each other, and then 
passes across the ring-like spjee between as a silent discharge. 
On passing a slow current of dry oxygen in through b, the 
emergent gas at a is found to possess the characteristic odour 
of ozone. Under the most favourable circumstances, however, 
the quantity of ozone produced by the transformation of oxygen 
docs not amount to more than about one-sixth of the out¬ 
flowing gas. 

Ozone is also formed during the slow oxidation of phos¬ 
phorus and other substances in air, among them beinf oil of 
turpentine and other essential oils. The oxygen evolved by 
the decomposition of potassium bichromate and potassium 
permanganate usually contains small quantities of ozone. So 
also docs that evolved during the decomposition of water by 
means of an electric current (electrolysis). 

34. Properties.- Ozone is a gas having a density just 
1 5 times that of oxygen. It has a faint, peculiar odour, some¬ 
times described as resembling that of chlorine. Ozone is 
distinguished by its powerful oxidising properties. Many of 
the metals, including even those so difficultly oxidisable as 
copper, mercury, and silver, are rapidly converted by ozone 
into oxides. During oxidation by ozone no diminution in 
the volume of the gas occurs. The extra density shows that 
in ozone three volumes of oxygen occupy the space of two 
volumes of the ordinary gas; hence the view that the ozone 
molecule contains three atoms instead of two as in oxygen. 
Oxidation by ozone may be represented by the equation:— 

O, + 2 Ag = Ag 2 0 + bj. 

Ozone. Silver. Silver oxide. Oxygen. 

The oxidising power of ozone leads it to immediately decom¬ 
pose potassium iodide when the two are brought into contact, 
oxidising the potassium and liberating free iodine:— 

0, + 2K1 + H,0 = 1 2KH0 4 1, 4 0*. 

Ozone. Potaszium. Water PoUzsIani Iodine. Oxygen 

Icxlide hvdrafe 
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One characteristic of free iodine is that it forms a deep blue- 
coloured compound on coming in contact with starch. These 
properties of ozone and iodine respectively enable us to test 
for ozone. Papers arc prepare^ by being dipped in a solution 
of potassium iodide and starch, o Such papers are colourless, 
but on exposure to ozone, iodine is liberated, and that element 
develops a blue colour in the starch. In common with ozone 
the higher oxides of nitrogen and certain other bodies possess 
this property, so that the test is not an absolutely decisive one 
for ozone. Ozone slowly decomposes into oxygen at ordinary 
temperatures ; the same change takes place instantaneously 
at a temperature of about 237 0 C. ; at the same time the gas 
regains its original volume. The presence of ozone in the 
atmosphere is demonstrated by the fact that at times air which 
produces a blue colour with iodide of starch papers, ceases to do 
so after having been heated to 237° 0 . : any colouring power 
t due to the presence of oxides of nitrogen would not thus lie 
destroyed. Air contaminated with organic matter is rapidly 
de ozonised, owing to the reducing action of such bodies, 
consequently ozone is rarely found in the air of cities or large 
towns. • 

Ozone is soluble in water, and imparts to it its characteristic 
odour. The colour of a solution of indigo is destroyed by the 
action of ozone, colourless compounds being formed which 
contain a higher proportion of oxygen. It is possible that 
with the development of cheap oxygen-manufacturing pro¬ 
cesses, ozone may in the future be somewhat largely used as a 
bleaching agent. 

35. Composition.— Oil of turpentine possesses the power 
of absorbing o&one entirely without decomposition ; if two 
portions of ozonised oxygen be taken from the same vessel, 
and the one portion be submitted to the action of oil of 
turpentine, a diminution of volume occurs. If the other 
portion be heated to 237 0 C. an increase of volume follows; 
the amount of increase in volume is just half that of the 
contraction when oil of turpentine is used as an absorbent 
Supposing that 30 volumes of the ozonised oxygen diminished 



Composition of Ozone 39 

to 27 on treatment with oil ol turpentine, then there weye 
three volumes of ozone present. As another 30 volumes of 
the same gas expands to 31 5 volumes on beiifg passed 
through a tube heated to ovgr 237 0 C, then we know that 
three volumes of ozone hav<i yielded 4‘5 volumes of oxygen. 
In this way we learn that three volumes of oxygen condense to 
form two volumes of ozone, and that on being re-converted 
into oxygen the gas expands to its original volume. Andrews 
has demonstrated very clearly how oxidation is caused by this 
gas. Oxygen was first transformed into ozone to as great an 
extent as possible by means of«an apparatus somewhat similar 
to that previously described, but so arranged that any diminu¬ 
tion in the volume of the gas is exactly measured, frior to 
the commencenfent of the experiment a hermetically sealed 
glass bulb containing potassium iodide was introduced into 
the apparatus ; this, after its conclusion, was broken, and the 
iodide decomposed by the ozone; this chemical action was 
unaccompanied by any diminution in volume, showing that 
the liberated oxygen occupied the same space as did the 
ozone, and that ozone-oxidation is caused by the extra atom of 
oxygen iij the molecule. 

36 . Allotropy.— Although oxygen and ozone present 
striking differences from each other, yet they are simply 
modifications of one and the same clement. It has been 
shown that there is in this case a very simple difference in 
the constitution of the molecules, one containing two, and the 
other three atoms. Other elements also exist in two or more 
forms, due probably either to variations in the number of 
atoms in the molecule, or to variations in the method of their 
arrangement to form the molecule. When sn element 
ooours in two or more distinct forms it is said to ex¬ 
hibit allotropy, and the less oommon varieties «re suid 
to be allotropio forms of that element. For this reason 
ozone is sometimes termed 'allotropic oxygen.' 
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CHAPTER III 

HYDROGEN 

• 

Symbol, H. Atomic weight, 1 (or 1008). Density, 1. 
Specific gravity, 0'06948. Molecular formula and 
weight, H 2 , 2. Boiling-point, -140° C. under 650 
atmospheres. 

37 . Occurrence.-Hydrogen occurs in the free state in 
the gases evolved from certain volcanoes, and at times among 
the products of putrefaction. Spectrum analysis also reveals 
free hydrogen as a constituent of certain stars and nebula?. 
Hydrogen is chiefly found in combination with oxygen in 
water, which compound consists of one part of hydrogen 
united with eight parts of oxygen by weight. Most, if not all, 
organic substances (i.c. compounds of either animal or vege¬ 
table origin) contain hydrogen. This gas was discovered by 
Paracelsus in the sixteenth century, and was systematically 
investigated by Cavendish, who, in 1781, demonstrated the 
elementary nature of this gas. 

38. Preparation.—Theoretically the simplest method of 
preparing hydrogen is by the decomposition of water into its 
constituent elements:— 


2 H a O = 2 H a + O a . 

Water. Hydrogen. O.xygfcn. 

The decomposition of water may be effected by intense heat, 
but the difficulty is that as the gases cool down, they once 
more combine a.id water is again produced. The most con¬ 
venient source of heat for the purpose is that of the electric 
spark. The apparatus used consists of a glass bulb, a, through 
which platinum wires, b b, are fixed, so that their ends are in 
the centre of the bulb and about an eighth of an inch apart 
This apparatus is attached by means of a glass tube to a flask, 
c, containing boiling water, the steam evolved from which 
passes through the bulb, and by means of a leading tube, id. 
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is conveyed over inti the pneumatic trough, in which ,is 
arranged a gas jar and beehive shelf. The steam from the 
boiling water is allowed to pass until all air is expelled, the 
steam itself being condensed by the cold water in the trough. 


KlG. t- 



At this stage a series of sparks trom an induction coil is passed 
through tlie wires bb. The passage of each spark decomposes 
a small quantity of steam, and the mixed gases being imme¬ 
diately largely diluted with steam, some proportion at least is 
kept apart until the gases have cooled below their combining 
temperature. In this way the gas jar is slowly filled with 
an explosive mixture of hydrogen and oxygen, which would 
have to be separated before hydrogen could be obtained in 
the pure state. 

The most convenient method of effecting the direct decom¬ 
position of water is by electricity (electrolysis), an operation 
which is described in detail in the next chapter. 

Ordinarily hydrogen is obtained from water by the action 
of certain metals, which have a great attraction for oxygen. 
Solid metallic compounds with oxygen are thus formed, and 
the hydrogen escapes in the free state. One of the most active 
metals of this kind is potassium., If a small piece of this metal 
is thrown on water, violent chemical action immediately ensues, 
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aijd hydrogen gas is evolved, which,'however, immediately 
takes fire, owing to the high temperature caused by the chemi¬ 
cal combination of the potassium with the oxygen of the water. 
Sodium produces a similar but lpss violent reaction, and usually 
the gas is evolved without burniag; on being thrown on the 
water the metal melts and moves about rapidly, causing a slight 
hissing noise, and gradually disappearing. If the fragment of 
sodium be enclosed in some fine wire gauze, and thus held 
underneath the surface of the water, bubbles of hydrogen rise 
to the surface, and may be collected in a gas jar in the ordinary 
manner. Under these circumstances the following reactions 
occur:— 

* 2K + 2 II v O = 2 KI 10 + H,. 

Potassium. Water. Potassium hydrate. Hydrogen. 

2 Na + 2 H ,0 = 2 NaII 0 + II,. 

Sodium. Water. Sodium hydrate. Hydtogen. 


In these reactions it should be observed that one atom 
only of the two atoms of hydrogen present in water is replaced 
by the metal. If the solution of sodium hydrate be evaporated 
to dryness, and then carefully heated with more sodium, it is 
possible to get the second atom of hydrogen displaced thus :— 

2 NaII 0 + 2 Na = 2 Na ,0 + H,. 

Sodium hydrate. Sodium. Sodium oxide. Hydrogen. 

Making use of an atomic instead of a molecular equation, 
the two successive displacements of hydrogen may be thus 
represented :— 

HHO + Na = NaHO + H. 

Water. Sodium. Sodium hydrate. Hydrogen. 

NaHO + Na = NaNaO + H. 

Sodium hydrate. Sodium. Sodium oxide. Hydrogen. 

NaNaO. 

Sodium oxide. 

Written in this manner, the replacement of the hydrogen 
by sodium in two steps is shown very clearly. Instead of 
using sodium for the replacement of this second atom of 
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hydrogen, zinc or aluminium may be substiluted ; these metals 
have the advantage of being more easily manipulated than is 
sodium. With zinc the reaction becomes:— 


tiNallO + Zn * ZnNa„O s + H„ 

Sudimn hydrate. Zinc. * Sodium zinc oxide. Hydrogen. 

A number of other metals beside sodium and potassium 
also decompose water, some at ordinary and others at higher 
temperatures. Among 
tlie latter is iron, which 
at a red heat decom¬ 
poses water with great 
readiness. A convenient 
form of apparatus is that 
shown in tig. 9, which 
consists of an iron tube, 

</ />, filled with coarse 
iron turnings, and passed 
through a furnace / so 
that the ends may pro¬ 
ject. Tg the end of the 
lube b is attached the leading tube from a flask containing 
boiling water, c ; the other end, a, of the iron tube is connected 
with the gas jar, j, arranged in the pneumatic trough. The 
iron tube and its contents of iron fragments are heated to 
redness by the furnace, and then a current of steam passed 
through; hydrogen escapes in large quantities, and an iron 
oxide is formed : •— 



8 Ke + 4 H ,0 = K a O< + 4 H S . 

Iron. Water. Iron tetroxide. Hydrogen. 

The most convenient method of preparing hydrogen for 
laboratory purposes is by the action of either iron or zinc on 
dilute hydrochloric or sulphuric acids. The hydrogen of these 
bodies is readily displaced by either of the metals mentioned 
at ordinary temperatures. Usually zinc and sulphuric acid are 
employed. The zinc is either granulated or cut into clippings; 
these are inserted in a glass flask, or double-necked (Woulff’s) 
bottle, fitted with thistle-funnel and delivery-tube The acid 
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is ^diluted with from four to six times it/ volume oi water, and 
added through the thistle funnel. The evolution of hydrogen 
gas immediately commences, and the acid in the flask rises 
rapidly in temperature. The gas is collected over the pneu¬ 
matic trough, as shown in fig. io., 


Fig. 10. 



The following equations show the reactions which occur 
with sine and iron respectively :— 

Zn + 1I 4 S0 4 = ZnS0 4 + H a . 

Zinc. Sulphuric acid. Zinc sulphate. Hydrogen. 

Zn + 2HC1 = ZnClj 4 H 2 . 

Zinc. Hydrochloric acid. Zinc chloride. Hydrogen. 

Fe + H a S0 4 = FeS0 4 + H s . 

Iron. (Sulphuric acid. Iron sulphate. Hydrogen, 

Fe + 2HC1 = FeCl 2 + H a . 

* Iron. Hydrochloric acid. Iron chloride. Hydrogen. 

In preparing hydrogen great care must be taken that the 
gas is free from oxygen or air before a light is applied, as 
otherwise an explosion will en$ie. The gas should be allowed 
to escape for a time, and then a small jar collected and tested 
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by applying a lighted*'taper to the mouth. The gas should 
burn quietly without explosion. 

Although commercial zinc is so well adapted for the pre¬ 
paration of hydrogen from sulphuric acid, yet perfectly pure 
zinc is without action on the*dilute acid. Commercial zinc 
contains traces of other metals, and these, being in contact 
with the zinc, set up a voltaic (electric) action, by means of 
which the acid is decomposed and hydrogen evolved. Tlris 
effect of the impurities of ordinary zinc may be avoided 
by coating the zinc with mercury. The zinc is first thoroughly 
cleansed with sulphuric acid, and then rubbed over with 
mercury until the whole surface is amalgamated (/.<-. covered 
with an alloy of mercury with zinc). Zinc so treated gives 
off no hydrogen on being immersed in dilute sulphuric acid. 
The addition of a few drops of copper sulphate to the acid 
and pure zinc causes a deposit of metallic copper on the 
zinc, and as a result hydrogen gas is at once evolved. The 
copper sulphate is, under these circumstances, decomposed, 
with the simultaneous formation of zinc sulphate. 

CuSO, + Zn = ZnSO, + Cu. 

C#pper sulphate. Zinc. Zinc sulphate. Copper. 

39 . Manufacture.— As hydrogen is comparatively little 
employed on the large scale, it is scarcely an object of manu¬ 
facture. The reaction most suitable for manufacturing pur 
poses is that in which steam is passed over red-hot iron. The 
materials are of great cheapness, and the chemical change is of 
a simple character. 

40 . Properties. —Hydrogen is a colourless, odourless, 
tasteless, and inflammable gas, which does m>t support com¬ 
bustion. Hydrogen burns, when pure, with a pale blue flame, 
giving out very little light, but a great amount of-heat. A 
mixture of hydrogen with either air or oxygen is violently 
explosive ; consequently in preparing hydrogen it is essential 
that it he freed from these bodies before being brought in 
contact with a flame. Whenever hydrogen, or compounds 
containing hydrogen, bum or explode in air or oxygen, water 
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is formed from the hydrogen, seconding to the following 
equation 

211, + O, = 2H,0. 

Hydrogen. Oxygen. Water. 

Hydrogen is of very low (Jejsity, being the lightest sub¬ 
stance known ; it consequently diffuses itself with great rapidity 
through other gases. When subjected to great cold and 
pressure, hydrogen is condensed to a colourless liquid, which 
boils at about — ' 4 °° C., when under a pressure of 650 atmo¬ 
spheres. 

Hydrogen gas is not poisonous, and may be breathed for a 
few seconds without injury, but animals placed in it speedily 
die, frohi simple deprivation of oxygen. It is very slightly 
soluble in water, 100 volumes of which only dissolve 1 "93 
volumes of the gas at all temperatures from 0° to 20° C. 

Hydrogen possesses the peculiar property of readily per¬ 
meating and diffusing through some of the metals when at a 
red heat. Among these the most noticeable are iron, platinum, 
and palladium. If hydrogen be passed through a red-hot 
palladium tube, the rate of escape through the walls of the 
tube is C399 cubic centimetres of gas for each square ccnti. 
metre of surface exposed. The amount of hydrogen absorbed 
by palladium when red hot, and still retained by it when colli, 
is 935 times the volume of the metal. On subsequently heat¬ 
ing the palladium in vacuo, the hydrogen is again evolved. It 
is probable that under these circumstances a definite com¬ 
pound of palladium and hydrogen, PdII.„ is formed, which 
has the character of a solid alloy. In this alloy the hydrogen 
exists in the solid state, and has a calculated specific gravity of 
ofi 2 . 

•> 

41. Industrial Applications.— The great buoyancy of 
hydrogen causes it to he of service for filling balloons. Ordi¬ 
narily coal-gas is employed for this purpose, owing to its greater 
cheapness; but for military purposes hydrogen is often pre¬ 
ferred. as it may he manufactured by the red-hot iron and 
steam process, with much less cumbersome plant than is 
necessary for the preparation of coal -gas. When compressed 
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under very lligh pressute in iron cylinders, hydrogen is obtained 
in a fairly portable form. ” 

The intense heat produced by the burning ot hydrogen 
together with oxygen is of considerable service for the perform¬ 
ance of certain metallurgical Operations which require a very 
high temperature. Among Miese is the fusion of platinum, 
which is now effected in a furnace constructed of quicklime, 
and arranged as shown in fig. 11. 

The lower block of quicklime has a cavity cut in it, marked 
r, for the reception of the metal. The lid, a a, constructed ol 
the same material, has a hole 
bored through the centre, 
through which the nozzle of 
an oxy-hydrogen blowpipe is 
inserted. Close inspection 
shows that the tube marked 
c contains within it an inner 
tube or jet j the hydrogen 
enters through the screw-tap 
marked h, and passes down 
the space between the tubes, 
and is lit at the mouth of c. 

Through the screw-tap marked 
0, oxygen is admitted, and 
passing down through the jet 
meets the burning hydrogen 
at the end of the tube. To 
get the maximum tempera¬ 
ture, the volumes of hydro¬ 
gen and oxygen used must be in the proportion of two to 
one. This arrangement is termed an oxy-hydrogen blowpipe, 
and is first lighted and then inserted in its place in the cover, 
a a, of the furnace. The oxy-hydrogen flame impinges on'the 
platinum in it, and speedily raises it to the melting-point, when 
it is run out into ingots through the spout d. The heat ol 
the oxy-hydrogen blowpipe is put to another use in the lime¬ 
light. The flame of hydrogen burning in oxygen is only very 
faintly luminous, but its intense 'heat raises a cylinder of lime 
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to such a high temperature, that it emits a most brilliant and 
intense light, used for magic-lanterns and for signalling and 
other purposes. 

42. Reducing and Oxidising Agents.— The ores or 
natural compounds from which metals are derived are in many 
cases oxides or sulphides of such metals. The operation of 
obtaining the metal in its free state is termed reducing the ore 
to the metallic state. Hence we get the definition that a 
reducing agent is a substanco which removes oxygen, 
or elements similar to it, from compounds. Owing to the 
avidity with which hydrogen combines with oxygen, it consti¬ 
tutes one of the most powerful reducing agents with which 
we are acquainted. Thus, if hydrogen be passed over red-hot 
copper oxide, or iron oxide, the metal is obtained in the free 
state, according to the following equations 

CuO + H 2 = Cu + HjO. 

Copper oxide. Hydrogen. Copper. Water. 

Fe 2 0 3 + 3ITj = 2Fe + 3 H 2 O. 

Iron oxide. Hydrogen. Tron. Water. 

The former of these two reactions is of very considerable 
importance, as in the analysis of many compounds'contain¬ 
ing hydrogen, the hydrogen is thus converted into water and 
weighed as such. In addition to these instances, in which a 
reducing agent is employed in order to obtain metals in their 
free state, there are other examples of reduction in which the 
bodies are simply reduced to a lower stage of oxidation. Fur¬ 
ther, the same reducing agents are capable of removing, in whole 
or in part, chlorine and other similar elements from compounds. 
Among the most active reducing agents in addition to hydro¬ 
gen, are carbon, carbon monoxide, zinc, sodium carbonate, and 
sulphurous acid. 

We come next to a class of bodies which are just the exact 
opposite of the reducing agents ; these are termed oxidising 
agents, and are described in the following definition An 
oxidising agent is a substance whioh causes an element 
or compound to combine with oxygen or other elements 
of similar character. Oxygen, and especially ozone ara the 
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most familiar and dirdfct examples of oxidising agents. If 
metallic copper he heated in a current of oxygen the following 
reaction occurs:— 

2Cu + 0^ = 2CuO. 

CoDPer. Oxygen. Copper oxide. 

The following are some of the most important oxidising 
agents—oxygen, ozone, chlorine, bromine, potassium chlorate, 
nitric acid, and hydrogen peroxide. 

43. Nascent Condition of Elements.— It has already 
been explained that the atoms gf elements unite to form what 
are termed elementary molecules. It will be readily under¬ 
stood that some portion of the energy which impels atoms to 
unite with other aioms is thus consumed; in consequence it is 
found that elements in the atomic state are more active than 
those same elements when in the molecular condition. To 
give an illustration : if a current of hydrogen be passed through 
a solution of ferric chloride, no change ensues, but if a few 
drops of sulphuric acid be added to the solution and then s 
fragment of zinc dropped in, bubbles of hydrogen are evolved, 
and almost immediately the colour is changed from a reddish 
colour to S very faint green tint, ferrous chloride being formed. 
In this second case the hydrogen is generated within the solu 
tion, and the liberated atoms at once act on the ferric chloride 
In the first case the hydrogen has formed molecules, and lias 
not sufficient energy to effect the reduction of the chloride. 
The following equations show the chemical changes which 
occur 

Zn + H„SO< = ZnSO, + 2H. 

Zinc. Sulphuric acid. Zinc sulphate. Nascent hydrogen 

2H + Fe a Cl s = 2FeClj + JHC1. 

Nascent Ferric Ferrous Hydrochloric 

hydrogen. chloride. chloride. acid. # 

An essential of this type of chemical action is that it is 
caused by an element at the moment of its being liberated 
from a chemical compound. At the moment of such 
liberation from a compound gn element is said to be 
nascent, a word signifying being bom. Many elements 

E 
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chemical reactions, but these can scArccly be considered as 
processes for its preparation. Thus water is always produced 
when a reaction occurs between an acid and a base, as for 
example:— 

H v SO, + CaO' , = CaS0 4 + H a O. 

Sulphuric acid. Calcium oxide Calcium Water. 

(base). sulphate. 

As a rule, whenever in a chemical action hydrogen and 
oxygen are liberated from other compounds, in each other’s 
presence, they unite to form water, leaving only an excess of 
either, if present, in the free state. 

46 . Properties. —Between the temperatures of o° and 
100” C. water is a tasteless liquid, and without colour, except 
when seen in large masses. A layer of pure water some twelve 
feet in length, shows a faint greenish-blue tint. The most im¬ 
portant property of water is its great solvent power, there being 
comparatively few substances which it does not dissolve in 
more or less quantity. In consequence, water is never found 
in a state of absolute purity in nature. The sea is the natural 
reservoir from which our water supplies are drawn. By the 
sun’s heat, enormous quantities of sea-water arc converted into 
vapour, which remains in the air in the gaseous form, or 
condenses to produce clouds. Special atmospheric conditions 
lead to the precipitation of this moisture as snow or rain. This 
form of water is about the purest of those occurring naturally; 
but even rain-water is contaminated with gaseous impurities 
absorbed from the atmosphere, and also small quantities of 
solid matter which have been floating in the air in a minute* 
state of subdivision. Rain and snow are the direct or indirect 
sources of spring and river waters; these always contain more 
or less solid matter, depending on the nature of the rocks 
and soil of each particular district. The rivers carry down with 
them sdlid matter to the ocean, which solid matter remains 
when the water is again evaporated to form clouds. There is 
thus a continuous, though slow, increase in the quantity of 
matter found in sea-water, which, as a result, has its well-known 
saline flavour. The constitution of sea-water varies in different 
parts; the following table shows its average composition :— 
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Water 


Sodium chloride (common salt) NaCI . 

2700 ' 

Potassium chloride, KC 1 , .... 
Magnesium chloride, MgCI, 

0020 

0*360 

Calcium sulphate, CaSO, . 

Magnesium sulphate, MgS 0 4 ? 

0*140 

0*240 

Potassium sulphate, K 2 S 0 4 • . 

Calcium and magnesium carlxmates, CaC 0 3 

0*005 

and MgC 0 3 . 

Bromine and iodine compounds, together 

0004 

with organic substances .... 
Carbon dioxide and volatisable organic sub¬ 

0*011 

stances . 

0 050 , 


96470 


3-530 


100 000 


From this tabic it will be seen that sea-water contains about 
3!, per cent, of solid matters. 

The composition of river water varies very considerably; 
thus the Dee, near Aberdeen, contains 572 parts per 100,000 of 
solid matter; while the Thames, at Uattersea, yields 30-33 parts 
per 100,000. The one river flows through granitic and other 
hard and insoluble rocks; the other over the much softer and 
more soluble strata of the southern Knglish counties. 

In addition to the solid matters dissolved by water, the 
gaseous matters also present are of considerable importance. 
Ordinary drinking waters of good quality contain, on the average, 
about o-8 per cent, of oxygen, 17 per cent, of nitrogen, and 
considerable quantities of carbon dioxide gas. The oxygen 
thus dissolved in water is the source of respiration of fishes, 
which are speedily suffocated in de-oxygenated water. The 
carbon dioxide renders the water much more palatable to the 
taste. 

47. Effects of heat on water.— Among the properties 
of water, the physical changes it undergoes as a result of 
the application of heat are of such importance as to warrant 
a somewhat extended description. As is well known, at a 
temperature below the freezing-po.nt water exists in the solid 
state and is known as ice. Taking a piece of ice at a tempera¬ 
ture much below that at which it was formed, say—20° C., 
the following is a history of it* changes as a result of the 
continuous application of heat. As heat is first applied, the 




54 Text-Book of Inorganic Chemistry 

ice rises in temperature and at the same time increases in 
volume (expands); these changes proceed regularly until a 
temperature of o° C. is attained. At that point the tempera¬ 
ture remains stationary, notwithstanding that the absorption of 
heat continues. During this tirpe the ice melts, and the heat 
thus absorbed without causing any corresponding elevation of 
temperature is employed in doing the work of converting the 
solid ice into liquid water. The heat necessary to melt a given 
weight of ice at o° C. into water at the same temperature would 
raise the same weight of water from o° to 7 'f C.; a fact which 
is expressed in other words by saying that the latent heat of 
water is 79 heat-units. During the melting of ice a considerable 
diminution in volume occurs, 10 volumes only of water being 
produced from 10-9 volumes of ice. As soon as the whole 
of the ice is melted, the temperature once more commences 
to rise, and does so steadily until a temperature of xoo° C. is 
attained. The water at 0° C. diminishes in volume with an 
increase in temperature, until at 4 0 C., when it commences to 
expand, and continues to do so until ioo° C. is reached. At 
4" C., therefore, water is at its maximum density; either an 
increase or diminution of temperature results in expansion. 
At ioo° C. the water commences to boil and remains 
stationary in temperature, but is not all at once converted into 
vapour; on the contrary, between five and six times as long is 
necessary to boil away the whole of the water as was requisite 
in order to raise it from the freezing to the boiling point. In 
exact figures, the quantity of heat necessary to convert a given 
weight of water into steam is sufficient to raise 537'2 times 
the weight of water from 0° to r° C. The steam produced is at 
the same temperature, 100° C., as the boiling water; this large 
amount of heat v is employed in the conversion of the water 
from the liquid to the gaseous state. The whole of the water 
having been converted into steam, a further application of heat 
results in the expansion of the steam, which follows the general 
laws governing the relation of gases to heat. 

In cooling, steam passes through a series of changes which 
arc just the converse to those it experiences on being heated. 
During the condensation of steam into water, and the solidiiica- 




vcnienlly be studied in an apparatus such as is shown in fig. 13 . 
The tube marked a is a U-lube, and should t have the longer 
limb thirty-six inches long and sealed at the end, the shorter 
one being about half that length and open. Thig tube is 
enclosed within another, n, which serves as a steam or water 
jacket. For the earlier part of the experiment, the other part 
of the apparatus is not required. The longer limb of the 
U-tubc a is to be filled with mercury, as is also the bend at 
the bottom. Proper precautions must be taken to ensure that 
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the tube and mercury are perfectly dry. On now placing the 
tube upright, it acts as a barometer; the vertical height from 
the surface of the mercury in the closed limb to that in the 
open one will be about thirty-one inches, but of course it 
varies with the barometric reading at the time. Let this be 
carefully measured, and one or two drops of water passed up 
into the vacuous space in the upper limb. This can be 
effected by filling the end, a, with water, and then inclining the 
tulre so that a very small quantity passes up through the bend. 
On once more placing the tube in a vertical position and 
measuring the height of the .mercury, a sensible depression 
will be noticed, even at ordinary temperatures. This depression 
must bfe caused by the pressure of the aqueous vapour, because 
beyond that there is nothing in the barometric vacuum of 
the instrument by which pressure can be exerted. The india- 
rubber tube at the bottom of b being stopped, the jacket b may 
be filled with warm water, say at 30 ° C.; a further depression of 
the surface of the mercury occurs. If the jacket be filled with 
water at a higher temperature, the mercury falls still further, 
and so with increase of temperature until the boiling-point is 
reached. At this stage, the jacket should be connected with 
the flask c, containing boiling water. The tube f is simply an 
escape valve for the surplus steam which bubbles through the 
water in d. On opening the spring clip e, steam passes through 
the jacket b, and the mercury descends until it becomes 
stationary at the same level in each limb of the U-tube. As 
the water in the tube is in this way heated by a current of steam 
from the flask c, it must be at the same temperature as is the 
steam. Under these circumstances, the mercury in the outer 
limb is subjected to the pressure of the atmosphere, that, in 
the inner to the (pressure of steam at the atmospheric pressure. 
The surface of the mercury in the two limbs being level with 
each other is a proof that the two pressures balance, and 
therefore the boiling-point of water, or any other liquid, 
is that at which the tension or pressure of its vapour 
equals that of the atmosphere. That the same holds good 
with any other liquid may readily be shown by substituting 
the liquid to be tested for the water in the above experiment. 
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Thus the flask c and the barometer tube may both be charged 
with alcohol, and again the tension of the vapour at its boiling- 
point will equal that of the atmosphere. 

From this it follows that ^ith variations in atmospheric 
pressure the temperature of tlje boiling point also varies. On 
the tops of mountains, the atmospheric pressure is low, and 
water boils considerably below ioo° C. On the other hand, in 
steam boilers the pressure is very high, and the boiling-point 
rises ; thus at a pressure of 4 atmospheres (60 lbs. per square 
inch) the temperature of the boiling-point is 144“, and at 150 
lbs. per square inch rises to iSoP C. 

49. Solution and Crystallisation. -The poweiful^olvent 
action of water has been already mentioned. On solid bodies 
its solvent power usually increases with the temperature. Thus 
sodium sulphate is soluble in rather more than double its 
weight of water at ordinary temperatures, but dissolves easily 
in its own weight of warm water. This is not, however, an 
invariable rule, for common salt, NaCl, dissolves to the same 
extent in cold as hot water. With some liquids, as alcohol, 
water mixes, or is miscible, in any proportion, each being 
mutually coluble in the other. With other liquids, water is not 
miscible; thus if water be shaken with either oil or ether, the 
two separate from each other into different layers according to 
their specific gravity. In such a case the water is found to 
have dissolved a certain proportion of the ether, while also the 
ether has dissolved some of the water. Non miscible liquids 
are therefore more or less soluble in each other. Gases dissolve 
in water in widely varying proportions, from traces only, with 
gases such as hydrogen, to many hundred volumes in the case of 
ammonia and allied gases. With gaseous bodies the degree of 
solubility diminishes with an increase of temperature, and, by 
continual boiling, water maypractically be freed from any gaseous 
bodies held in solution. 

Referring somewhat more fully to solid substances, their 
degree of solulibity varies very considerably. They may, how¬ 
ever be divided into: 

(1) Freely soluble substances’ as, sugar, washing soda, salt, 
alum. 
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(2) Slightly soluble substances, as plaster of Paris 01 
gypsum. 

(3) Insoluble substances, as chalk, flint, sand, barium 
sulphate. 

Under similar conditions o? temperature, &c., every sub¬ 
stance has a specific degree of solubility; thus ordinary potash 
alum is at i5°C soluble to the extent of 15-13 parts of thesalt < 
in too parts of water; the proportion gradually increases until, 
at ioo°C., 357-48 parts of alum are dissolved by 100 parts of 
water. Such a solution containing as much of the salt as it 
can possibly dissolve is termed ae saturated solution. Any more 
of the salt added remains unacted on, and if the solution be 
cooled tt portion of the alum separates in the solid form; thus 
any saturated solution of alum at a higher temperature than 
15 °C. will on being cooled to that point deposit solid alum, until 
it contains only 15-13 parts of alum to the too parts of water. 

On examining the alum thus deposited, it is found to have 
assumed more or less regular geometric forms, which are termed 
crystals. The same applies to most other substances which are 
deposited in the solid state from a solution, as a result either 
of its cooling or evaporation. Bodies are said to crys¬ 
talline when they consist of crystals; for chemical 
purposes a crystal may be defined as matter which has 
assumed during the act of solidification a definite geo¬ 
metric form. In crystals there is also a definite internal 
molecular arrangement related to the crystalline form 
by certain laws. The same substance, as a rule, always 
crystallises in the same form, or group of closely allied forms. 
On the other hand some substances assume two or more distinct 
crystalline forms according to the conditions under which the 
crystals are produced; such substances are said to be dimorphous, 
or polymorphous, bodies. Any substance which is not in a 
crystalline condition is said to be amorphous, i.e. without (crystal¬ 
line) form. The same substance at times occurs in either the 
crystalline or amorphous state, according to the conditions under 
which it has been formed. When various substances assume 
the same crystalline shape they arc said to be isomorphous with 
each other 
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Crystals have been ‘classified into six systems, which may 
best be described by reference to the following figures : 

I. Regular or Cubic System.—The first of this series, 
No. 14, is that of the regular octahedron; this figure, it will be 
noticed, has eight faces and jix solid angles; if each pair ot 


Fig. 14. Fig. 15. 



opposite angles be joined by an imaginary line, we shall have 
three lines of equal length, crossing each other in the centre, 
and all at right angles to one another. These imaginary lines 
are called axes, and in the regular system are all of them, as in 
the octalifdron, equal in length and at right angles to each other. 



1 he whole of the figures* of the regular system, of which those 
selected are only a few examples, may be referred to these axes. 
In the octahedron each face cuts all three axes; in the cube, 
%• ’Si each face cuts one of the three and is parallel to the 
other two, or in other words cuts* them at an infinite distance. 
In fig, 16 we have the rhombic dodecahedron, in which 
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each face cuts two of the axes and is parallel to the third axis 
Mg. 17 is an illustration of a frequent type of crystal com¬ 
posed partly of octahedral and partly of cubic faces. Alum, 
common salt, and fluor-spar ar^ examples of substances which 
crystallise in the cubical system. , 

XI. Tetragonal or Pyramidal System.—In this system 
there are again three axes, all at right angles, two of which are 
equal to each other, and the other, termed the primary or 
principal axis, either longer or shorter than the other two. 
Mg. 18 is an illustration of the octahedron (tetragonal pyramid) 
of this system. Potassium fenrocyanide, and tinstone (cassi- 
terite) crystallise in the pyramidal system. 


Fig. 18. Fig. 19. 



HI. Rhombio System.- In this system the axes are all 
at right angles to each other, but all of different lengths ; the 
simple pyramid or octahedron of this system is shown in fig. 19. 
Sulphur (when crystallising from solution) and zinc sulphate 
belong to the rhombic system. 

IV. MonocRnio System.—The axes in this system are of 
unequal length ; two of them are perpendicular and the third 
inclined fo the plane of the other two. Gypsum, orthoclase, 
and cane-sugar crystallise in this system. The pyramid is 
illustrated in fig. 20. 

V. Triclinio System.—This system is characterised by 
the three axes being of unequal length, and all obliquely placed 
with regard to each other. The pyramid of this system is 
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shown in fig. 21. Copper sulphate is one of the bodies crystal¬ 
lising in this system. 

VI. Hoxagonal System.—This system is distinguished 
from all the others by there being four axes. Three of these of 


Fig. 20. 0 Fig. at. 



equal length are in one plane, and at angles of 60° from each 
other. The other, termed the principal or primary axis, is at 
right angles to the plane of the three, and may be of any length. 

Fig. 22 is an illustration of a combination of a prism and 
pyramids of this system. The following figure shows the 


Fig. aa. Fig. aj. 



rhombohedron, another important form belonging to this 
system. Quartz, graphite, and calc-spar are examples of this 
system. 

In the transition of crystalline substances from the solid to 
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the liquid state by solution, there is no intermediate stage ; 
until the actual moment of solution, each crystal remains 
unaltered in physical characters. There is another class of 
bodies, whose behaviour with water is considerably different in 
character. One of the best examples of such bodies is ordinary 
gelatin, which body in its impure form is the glue of the car¬ 
penter. Dry glue is hard and brittle, and may be shivered in 
fragments by a blow with a hammer. If a few drops of water 
be added t > a sheet of glue, it gradually permeates the whole 
mass, and slightly softens it. With the addition of more and 
more water the glue becomes goffer and softer, until at length 
it reaches the jelly-like consistency of the confectioner’s jelly. 
Still further additions of water reduce this to a viscous liquid, 
which becomes mgre and more limpid as still further water is 
added. Such substances are not soluble in the ordinary sense 
of the term, but may rather be described as miscible with water 
in all proportions; there being no line marking the limit of 
saturation, as with crystalline bodies. 

Substances possessing the jelly-like properties of 
gelatin are termed ‘ Colloids,’ and do not acquire a 
crystalline form when assuming the solid state.—The 
colloid bodies are principally of organic origin ; still there are 
some interesting examples among inorganic bodies, among 
which one of the most important is gelatinous silica, to be here¬ 
after described. 

50. Supersaturated Solutions.— Although there is a 
definite quantity of a salt which under, certain conditions, water 
is capable of holding in solution, yet there are certain cir¬ 
cumstances under which, with some substances, this law is held 
in abeyance. Kor example, let a saturated solution be made of 
sodium sulphate at the boiling-point, and the filtered solution 
at ioo°C. be placed aside in a clean flask. The usual rule 
would be that, as the temperature oecame lower, a continuous 
crop of crystals would be being deposited. But this solution, if 
free from solid particles, may be cooled down to the ordinary 
temperature without showing any signs whatever of a crystalline 
or other solid deposit. Such a solution is termed a super 



Water of Crystallisation 63 

saturated solution, and *0 unstable is its equilibrium that the 
introduction of the smallest fragment of the solid sulphate 
starts crystallisation, and the whole excess of salt separates in 
the crystalline form within a few seconds. Pure water at times 
exhibits a somewhat similar jilfenomenon, for in clean flasks, 
when perfectly still, it may be cooled several degrees below the 
freezing-point without solidification; but any slight disturbance 
at once causes the production of ice, in well-marked crystalline 
form, and the whole mass becomes solid. 

51. Water of Crystallisation.— Many bodies contain 
water as an essential constituentaof their crystalline form. Thus 
crystals of the salt, sodium sulphate, to which reference has 
already been made, consist of ten molecules of water to one of 
the salt; this is thus represented in the formula, Na 2 S 0 4 , 10 II v O. 
On expelling this water by heat, the crystalline form is de¬ 
stroyed. On dissolving and re-crystallising this anhydrous 
salt, it once more combines with its water of crystallisation. 
Reference has already been made to what is called dimorphism; 
the two distinct crystalline systems in which some substances 
occur are at times marked by differences in the quantity of 
water of trystallisation present. It must be understood that 
water is not an essential to crystallisation, as many substances 
form anhydrous crystals, among which are potassium chlorate 
and sodium chloride. Further there are other compounds 
which in crystallisation fulfil the same functions as water: 
among these alcohol is one of the most important, and many 
crystalline bodies contain alcohol of crystallisation. 

5 2 . Industrial Applications.— The first and foremost 
use to which water is put is its employment for potable and 
domestic purposes. Water required for these* objects should 
be as pure as possible. The great essential in drinking waters 
is freedom from all sewage contamination; the presence of 
organic matter in large quantities, whether of animal or vege¬ 
table origin, is also most objectionable. These substances of 
themselves may not be positively injurious (although even that 
is doubtful), but are, in the cast; of the former, so generally 
associated with sewage matter that for that reason alone any 
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water containing more than the most minute traces of organic 
matter is deservedly condemned for drinking purposes. Sewage- 
matter is not merely objectionable of itself, but still more so 
because it forms the vehicle by which cholera, typhoid fever, 
and other malignant diseases of similar character are propagated. 
The presence of small quantities of saline matters, provided 
they are of inorganic origin, is not considered deleterious, 
although such bodies do not improve the water for potable 
purposes. The aeration of the water by carbon dioxide and 
oxygen gases imparts to it a brisk and pleasant flavour. 

The other leading domestic purpose beside that of drinking, 
to which water is applied is that of washing. Waters which 
lather readily are termed soft; those which do not do so, but 
first destroy or curdle a quantity of soap are termed hard. 
Hardness is generally the result of the presence of compounds 
of calcium and magnesium, and is fully discussed in a subse¬ 
quent chapter. 

Water is used so widely in the manufactures that any 
detailed description of its uses is impossible. For industrial 
applications soft water is always preferable. Water is largely 
used in steam boilers, and for that purpose should be soft and 
free from acid or corrosive properties. Saline impurities cause 
a deposit of ‘scale’ during evaporation; and any corrosive 
action manifests itself by an attack on the metal of the boiler. 
For dyeing and other operations water must be largely 
employed ; practically in all such applications it is its solvent 
power, combined with its chemical inactivity, which renders it 
so especially valuable. 

53. Composition by Volume. -Until comparatively 
recently water jyas considered to be an element, but during 
the eighteenth century it was shown, by Cavendish, that the 
combination of hydrogen and oxygen in the proportions of two 
volumes of the former to one of the latter produces pure 
water, and pure water only. Uavoisicr repeated Cavendish’s 
experiments in 1783 and first deduced therefrom the true ex¬ 
planation of the composition of water. 

It has already been shown, paragraph 38, that water may lie 
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separated into oxygen and hydrogen by means of the intense 
heat of the electric spark. The passage of an electric current 
through water is the most convenient method of eflecting its 
decomposition into its constituent gases. For this purpose, the 
apparatus sketched in fig. 241 
may be employed. The ap¬ 
paratus consists of a wide¬ 
mouthed bottle, 6 , tightly fit¬ 
ted with an india-rubber cork. 

Through this cork is passed a 
leading tube d , filled with cal¬ 
cium chloride, in order to dry 
the evolved gases. There are 
also passed through the cork 
two platinum wires, to the 
lower ends of which are at¬ 
tached pieces of platinum foil 
(electrodes) so arranged that they face each other at a distance 
of about half an inch. These wires are connected with the 
poles of an electric battery consisting of from three to five 
Grove’s 01 Bunsen’s cells. The bottle is filled to the neck 
with water to which a few drops of sulphuric acid have been 
added, in order to increase its electrical conductivity. On the 
passage of an electric current, bubbles are seen to arise from 
each of the platinum electrodes, and the evolved gas may be 
collected from the leading tube over either mercury or water. 
When the gas is required in the dry state mercury must be 
employed. If a soda-water bottle be filled with the gas and 
then held to a flame, the gases recombine with a violent ex¬ 
plosion : at the same time a film of moisture is deposited on 
the inside of the dry bottle. * 

Further information may be gained from a modified form 
of this experiment, in which the gas evolved from each of the 
electrodes is collected separately. One form of apparatus suit¬ 
able for this purpose is that shown in fig. 25, in which v is a 
small trough containing the acidulated water. The electrodes 
are connected with the binding-ecrews ss, and over each is 
inverted a small glass jar, filled with acidulated water. On the 


Fig. 34. 
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battery being connected by wires to the screws s S, bubbles of 
gas are seen to be evolved from each electrode, and are 
collected' in the two small gas tubes. As the experiment pro¬ 
ceeds the one tube is seen to fill at just twice the rate of the 
other. On examination it will be found 
that the more rapidly filled tube is 
that inverted over the electrode con¬ 
nected with the zinc or negative pole 
of the battery. On being tested, the 
double volume of gas is found to burn 
quietly on a light being applied, and 
is pure hydrogen : the single volume 
of gas rekindles a glowing splinter and 
is pure oxygen. In this way, the 
student learns that water may be decomposed into two 
volumes of hydrogen and one volume of oxygen. One 
circumstance about this experiment is at first somewhat 
puzzling, pure hydrogen is evolved at the one electrode, arid 
pure oxygen at the other; while there is no sign of any trans¬ 
ference of gas from the one to the other electrode through the 
liquid. What, then, becomes of the oxygen which was in com- 

Fig. 26. 



bination with the evolved hydrogen, and the hydrogen which 
was in combination with the evolved oxygen ? This may best 
be explained by reference to the diagram given in fig. 26, in 
which n and p are portions respectively of the negative and 
positive electrodes of the apparatus shown in fig. 25. The 
series of circles by which these are connected are intended to 
represent a line of molecules of water, making complete con- 


Fig .25. 
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tact between the two electrodes. This is indicated by each 
containing the formula of water, H a O. On the passage of an 
electric current, the molecule lying next to the negative elec¬ 
trode, n, is decomposed and it| hydrogen liberated in the 
gaseous state : its oxygen confines with the hydrogen of the 
next molecule to form water, and its oxygen in turn decom¬ 
poses the next adjoining molecule until finally the molecule 
contiguous to the 

positive electrode, Fir,. 

f, is reached, the 
oxygen there, find¬ 
ing no other mole¬ 
cule to decompose 
is set at liberty, and 
escapes in the ga¬ 
seous form. The 
formation of this se¬ 
cond series of mole¬ 
cules is indicated in 
the diagram by the 
series of*hexagons 
shown. If the elec¬ 
trode p be formed of 
any readily oxidis- 
able metal, such as 
zinc, the nascent 
oxygen combines 
with it to form an 
oxide, none escaping 
in the gaseous state. 

The experiment with the soda-water boftle full of the 
mixed gases, which explode on the application of a light, shows 
that the reunion of oxygen and hydrogen again produces water. 
Precisely the same effect is obtained if the bottle be one-third 
filled with oxygen and two-thirds filled with hydrogen prepared 
in any other manner. The passage of an electric spark 
through the mixture also effects their recombination. In con¬ 
nection with this, Cavendish’s original experiment is of con- 
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siderable interest, the apparatus employed being shown in 
fig. 27. The vessel b is a graduated glass jar, standing in a 
pneumatic trough and filled with a mixture of pure hydrogen 
and oxygen in the proportions pi two volumes to one. Attached 
to this, by means of a brass tubtyxmtaining stopcocks, is a stout 
glass vessel, a, fitted with a tightly ground stopper, through 
which pass two platinum wires, a, arranged with their ends 
slightly apart. In use, the vessel a (known as Cavendish’s 
eudiometer) is thoroughly cleaned and dried, and then ex¬ 
hausted by means of an air-pump; it is then screwed on to 
the jar b. The series of stopcocks c and the others are 
opened, when a at once fills with the mixed gases. The stop¬ 
cocks are closed, and by means of the Leyden jar, d, an electric 
spark is passed through the mixture. The ghses combine with 
a bright flash, and drops of water condense on the sides of the 
eudiometer. The stopcocks are again opened, the vessel re- 
fio. s9 fills, and a second quantity of water is 

produced by a repetition of the elec¬ 
tric spark. This operation may be 
repeated until the whole of the mixed 
gases is used, by which tim« an appre¬ 
ciable quantity of water will have been 
accumulated in the eudiometer. 

On a smaller scale the experiment 
may be performed with the simpler 
apparatus shown in fig. 28. The eu¬ 
diometer in this case consists of a 
glass tube about half an inch in dia¬ 
meter, and some twenty inches in length, closed at one end. 
Near this end two platinum wires are fused through the sub¬ 
stance of the glftss. In use the eudiometer is filled with mercury, 
and then inverted in the little trough t, containing the same 
metal. 'The tube is about one-third filled with the mixed gases 
from the generating apparatus, fig. 24. An india-rubber pad is 
then slipped underneath its open end in the mercury trough, 
on which it is firmly held down; then, by means of the wires, 
an electric spark from an induction coil is passed through the 
mixture. Combination ensues, and on slightly raising the tube 
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from the pad, the mercufy rushes up and entirely fills it, as the 
water formed almost immediately condenses. 

A most important modification of this experiment ts one in 
which the combination of the gases is effected at a temperature 
above the condensing point o£ steam. For this purpose the 
apparatus shown in fig. 29 may be employed. The eudiometer 
is in the shape of a (j-tube, having its one end closed and a 
pair of platinum wires, a h, fused through it as before. This 
limb is enclosed in a jacket d, through which vapour of amylic 


Fig. 29. 



alcohol (boiling point, 132° C.), or some other fiquid boiling at 
a high temperature, is passed. This liquid is gently boiled in 
the glass flask shown, and the vapour condensed, afjer use, 
in the small worm shown to the right of the figure. The 
closed limb of the eudiometer having been filled with mercury, 
to the stopcock c, the amylic alcohol vapour is passed for some 
little time through the jacket This is in order to see that it is 
perfectly dry, as otherwise the mefeury would descend, owing 
to an accumulation of steam in the eudiometer. The results 
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of this test being satisfactory, some 'rive or six inches of the 
eudiometer are filled with the mixed gases. Amyl-alcohol 
vapour iS again passed, and mercury is withdrawn from c until 
the level is the same in botlj limbs of the eudiometer. The 
height is marked by an elastip band which slides over the 
tube d ; the open end of the eudiometer is firmly closed with 
the thumb and an electric spark passed. The volume of the 
gas is seen to contract; mercury is added to the open limb 
until the two surfaces are again level, when as before the gas 
is at atmospheric pressure. Being thus measured under the 
same conditions of temperature and pressure, the gas is found 
to occupy just two-thirds its original volume. 

An interesting modification of the apparatus for this experi¬ 
ment is that devised by Reynolds, and shown in fig. 30, in 
which use is made of the fact 
that water boils at a lower tem¬ 
perature under diminished at¬ 
mospheric pressure. A straight 
eudiometer tube is employed, 
some thirty inches in length, 
its upper part beii^g enclosed 
in the steam jacket. The 
mixed gases are inserted in 
this tube, which, filled with 
mercury, stands in the mer¬ 
cury trough m. The flask } 
contains water, and the steam 
therefrom passes through the 
jacket j. As the mixed gases 
are above a mercury column 
in the eudiometer, some 
twenty-four inches in height, they are under a very much 
diminished pressure— only about one-sixth that of the atmo¬ 
sphere. The result is that the boiling-point within the eudio¬ 
meter is reduced to about 50 or 60° C., according to the exact 
height of the mercurial column. The volume of the gases is 
indicated by an elastic band outside /, and the height of the 
mercurial column is measured and noted. The eudiometer 


Fig. ao. 
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being placed on an india-rubber pad /, an electric spark is 
passed and a diminution in volume of the gas noted. The 
end of the eudiometer is next placed within the well b, and 
depressed until the mercury column is of exactly the same 
height as before the explosion. *ln this way equality of tempe¬ 
rature and pressure is secured at each time of measurement. 
The gas is then measured and is found again to be two-thirds 
its original volume. From these experiments we learn that 
three volumes of the mixed gases, consisting of two 
volumes of hydrogen and one volume of oxygen, pro¬ 
duce two volumes of steam measured at the same 
temperature and pressure. This is expressed in the 
following equation in graphic form 



Two molecules of One molecule 

hydrogen. of oxygen. 


H,0 


II 2 0. 


Two molecules of 
water. 


54. Composition by weight— The composition by 
weight of water is one of the starting points in ascertaining 
the composition of other bodies, and so has been determined 
with the greatest possible accuracy. For this purpose use is 
made of the fact that if copper oxide be heated in a current of 
hydrogen, water is formed according to the following equation— 
CuO + Il 2 = H 2 0 + Cu. 

Copper oxide. Hydrogen. Water. Copper. 


For exactness it is necessary that the hydrogen be in a state 
of absolute purity ; this is effected by a system of purification 
such, as is shown in fig. 31, in which a is a Woulffe’s bottle 
fitted for the generation of hydrogen from zinc and dilute 
sulphuric acid. The evolved gas is first passed through a 
wash-bottle, u, containing a solution of caustic potash, KHO, 
which retains any traces of sulphuric acid that may tjave been 
carried over mechanically. There is next a number of U-tubes, 
c, d, e, arranged so that the gas passes through the whole series. 
In c are placed fragments of pumice moistened with a solution 
of mercuric chloride, HgCl a ; this removes any traces of 
sulphuretted hydrogen. The next tube, d, is filled with small 
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pieces of caustic potash, which absorbs any traces of carbon 
dioxide gas that might be present, and also helps to dry the 
gas. The next tube, e, is filled with fragments of pumice 
moistened with sulphuric acid, and serves to thoroughly dry 
the gas. From e nothing 5 ut pure dry hydrogen should 
emerge. The bulb f is blown'in difficultly fusible glass, and 
contains pure oxide of copper, which, after being heated to 
redness, is cooled in dry air. This bulb and its contents are 
carefully weighed. Attached to f is a bulbed receiver, g, and 
lastly a |j-tube, h, containing fragments of calcium chloride. 
In use, hydrogen is generated in a, which after the expulsion 
of the whole of the air is connected with the purifiers, a, c, 



d, e. The exact weight of the copper oxide bulb, and also 
that of g and h, are noted. Hydrogen is passed through 
the apparatus until the whole of the air is expelled throughout. 
The bulb F is then carefully heated, when the copper oxide is 
decomposed, wit^h the formation of water. This collects in the 
bulb and calcium chloride drying-tube h. The reaction being 
over, the, bulb f is allowed to cool, the wash-bottle b is dis¬ 
connected, and air drawn through the apparatus until the 
hydrogen is displaced. The series f, g, h are then again 
weighed; the loss in weight of f represents the quantity of 
oxygen consumed; the gain in weight of g and h shows the 
amount of water passed. The weight of hydrogen is deter- 
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mined by the difference between the two. For determination 
of the most exact type other additional precautions are adopted 
and the various weighings made in vacuo. Dumas,*to whom 
we are indebted for a most exact determination of the gravi¬ 
metric composition of water^ took such quantities of copper 
oxide as yielded him about 50 grams of water. As a result 
of 19 experiments Dumas found that 840'i6i grams of oxygen 
were consumed in the production of 945 ’439 grams of water, 
from which the following percentage composition of water is 
deduced — 

Oxygen . . ... . . 88-864 

Hydrogen . . , . . 11T36 

, 100'000 

Or, if hydrogen be taken as the unit, r part of hydrogen by 
weight combines with 7*9799 parts by weight of oxygen. 

55 * Osmose and Dialysis.— There are certain chemical 
properties of bodies which may at this stage of the student’s 
progress receive explanation. Among these are those whose 
names h^id this paragraph. The miscibility of liquids has 
already been explained : when such liquids as are miscible are 
placed in layers one on the other, so that the lighter of the two 
is on the top, they mix or diffuse one into the other more or 
less rapidly. The diffusion of liquids may take place 
not only through a porous diaphragm, but also through 
certain non-porous substances of special physical 
character; suoh diffusion is termed Osmose. Thus, 
although a bullock’s bladder may be distended by air, and 
allowed to dry in that distended state without the air escaping, 
yet a piece of such bladder permits some aquebus solutions to 
pass through its substance with comparative readiness. Either 
animal parchment or so-called vegetable parchmdht-paper 
possesses, when wet, the same properties. If a short cylinder of 
glass, gutta-percha, or other impervious material be made into 
a shallow dish (proportioned somewhat like a tambourine) by 
fastening securely thereto a piece, of parchment, an appliance 
is thus produced which well shows liquid diffusion. Let such 
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a dish be partly filled with saturated brifle, and then floated In a 
vessel of pure water. After some hours the solution within will 
have diffused out through the membrane, carrying with it some 
of the salt in solution, until the water both outside and inside 
contains the same percentage of salt. By repeatedly changing 
the water in the outer vessel, the whole of the salt might be 
removed from within the parchment-bottomed cylinder. If 
this parchment drum were next filled with a solution of gum 
or gelatin, and the same experiment repeated, it would be 
found that the gum was incapable of traversing the membrane. 
If a mixture of brine and gupj were placed in the parchment- 
drum and then floated on the surface of the water, the salt 
would diffuse out and the gum remain behind ; in this way a 
complete separation of the two might be effected. Crystalline 
bodies, generally, share with salt the ability to pass through a 
membrane of this kind; the colloids cannot so pass when in 
solution. The separation of bodies by their respective 
ability or inability, when dissolved, to pass through 
parchment-like membranes, is termed Dialysis. Dialysis 
is at times a most useful method of separating bodies which 
otherwise are almost inseparable. Many of the changes and 
separations which occur in living organisms are due to osmose 
and dialysis. 

56. Solids, Liquids, and Gases.—Water is perhaps the 
most familiar of all bodies with which we are acquainted in the 
three physical states of solid, liquid, and gas. It has been 
already shown in paragraph 47 that this difference of state is 
closely dependent on the heat-condition of the body. When 
in the solid state the molecules of a body cohere 
together so closely and firmly that their separation 
or movement over one another is only effected with 
difficulty. In consequence, a piece of the body re¬ 
tains its own shape not merely against the action of gravity, 
but also in most cases even when subjected to a considerable 
weight or pressure. With a sufficient weight some bodies thus 
alter their shape, without breaking; these are termed ductile 
bodies. Others, similarly tested, crush into fine fragments or 
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powder, and are knowrf as brittle substances. All are, however 
solids, and for further particulars of their classification according 
to physical characters, works on physics should be consulted. 

Notwithstanding the rigidity of solid bodies, their molecules 
are nevertheless capable of minute movements within the mass 
of the substances, these movements being due to the action of 
heat. As the temperature of the substance is raised, a point 
is at last reached (varying for different bodies) at which the 
heat molecular movements overcome the cohesion due to the 
solid state, and the solid changes either into a liquid, or at 
times directly into the gaseous condition. In order to effect 
this change, a certain quantity of heat is necessary, and this 
heat is employed in doing the mechanical work of overcoming 
the molecular cohesion existing in the soiid. Such heat is 
definite in amount, and does not raise the temperature of the 
body. In the liquid state, the molecules of a body flow 
more or less readily over each other, but still possess a 
varying amount of coherence, and resist any attempt 
to pull them asunder, although such resistance is feeble 
compared with that offered by solids. That it exists is readily 
shown bj an experiment with a clean glass plate suspended 
horizontally from one arm of a balance. Let this plate be first 
counterpoised, and then floated on the surface of a dish of 
water. It will now be found that a considerable weight must 
be added to the pan on the other arm of the balance in order 
to pull the plate away from the water. That the resistance 
thus overcome Is that of the cohesion of the water particles 
for each other is shown by the fact that the glass plate when 
pulled away is wet. A layer of water still adheres to the plate, 
and the severance has been between particles and particles of 
water. Those liquids in which the molecuits flow over one 
another very readily—as, for example, ether—are remarkably 
mobile or limpid; others, as water, occupy a mediurfl position, 
while some, as the various oils and syrups, flow only slowly ; 
these latter are said to be viscous. Owing to this flowing pro¬ 
perty of liquids, under the influence of gravity, they adapt them¬ 
selves to the shape of the vessel in which they are contained, 
being bounded with a level surface at the top. (Large volumes 
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of liquid, as seas or lakes, show sensibly the curvature ot 
the earth.) In small drops of water, as dew-drops, the action 
of gravity Is exceedingly small, compared with that of liquid 
coherence, and in consequence such drops are almost perfectly 
spherical. The same phenomenon is observed in isolated 
globules of mercury. 

On further application of heat to liquids, a point is at last 
reached at which the motion imparted to the molecules is suf¬ 
ficient to overcome the cohesion still existing between them, 
and the liquid is changed into the gaseous condition. To effect 
this change a considerable quantity of heat is necessary, and 
this heat being occupied in doing mechanical work does not 
raise the temperature of the body. To change liquids into 
gases requires, as a rule, more heat than to convert the same 
substance into a liquid from the solid state. Thus to change 
i gram of water into steam requires 6-8 times as much heat as 
is necessary to convert i gram of ice into water. Bodies occupy- 
in the gaseous state many times more volume than when in the 
liquid condition; thus, a cubic inch of water is roughly stated by 
engineers to produce a cubic foot of steam. Gases are charac¬ 
terised by their moleoules possessing no coherejtee, and 
by their expanding or contracting to exactly fill the 
space in which they are confined; they exhibit in the 
highest degree the properties of compressibility and 
elasticity. These latter properties are best described after 
some explanation of the actual constitution of gases. 

57. Kinetic Theory of Gases.—An earlier idea of the 
spontaneous expansion of a gas when the closed space contain¬ 
ing it was enlarged, was that the molecules possessed a property 
of mutual repulsion; this is a view which is no longer tenable. 
It has already been explained that heat effects the change of a 
liquid intb a gas, and that such a change is due to the motion 
imparted to the molecules on being heated. Energy which 
consists of active motion of matter is termed kinetic energy 
(from the Greek word ‘ I move ’); on the other hand that 
dormant energy which exists,.for instance, in a piece of coal, 
and is liberated or changed into active (kinetic) energy on its 
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being burned, is termed potential energy. According to the 
kinetic theory, each molecule of a gas moves in straight lines 
with a uniform velocity for the same temperature. When a 
molecule strikes against another or the walls of the containing 
vessel, it rebounds, according to the laws of mechanics which 
govern the behaviour of moving bodies. 

58. Pressure and Volume of Gases. --It may readily 
be demonstrated by experiment that gases exert pressure. Thus 
if in the vacuous space at the top of a barometer, the minutest 
quantity of gas be inserted, the height of the mercury is im¬ 
mediately depressed, and such depression can only be due to 
the pressure exerted by the gas. Further the pressure which 
any gas exerts is dependent on the volume which it occupies. 
Thus, supposing a cubic foot of gas be contained within a 
cylinder supplied with a frictionless piston, and that it exerts a 
pressure equal to 15 lbs. on each square inch of surface of the 
piston and cylinder; let the piston be withdrawn from the 
cylinder sufficiently far to enlarge its cubic capacity to two feet; 
the gas will then be found to exert a pressure of 7-5 lbs. to the 
square iqph. If, on the other hand, it be compressed to half 
a cubic foot, the pressure will be found to amount to 30 lbs. 
per square inch. It is understood throughout that the tem¬ 
perature is constant when the pressure is measured. From 
these data may be deduced the following law, known as that 
of Boyle and Marriott: The volume of any gas is inversely 
proportional to the pressure to which it is subjeeted. 
Minute variations from this law occur at temperatures not far 
removed from the liquefying point of any particular gas; but 
with this reservation it applies equally to all gases whatever 
their nature. r 

Let us see how this may be explained according to the kinetic 
theory. In the first place pressure itself is explained' as being 
due to the impact on the surface of the containing vessel of the 
showers of these rapidly moving molecules. Each molecule 
delivers a blow on the surface, and as they are moving with 
uniform velocity, and the molecules are practically equally dis¬ 
tributed throughout the containing space, the number of impacts 
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during each successive unit of time of* equal force is constant. 
As the pressure is simply the sum of the force of each indi¬ 
vidual impact, there is consequently constant pressure. If the 
volume of the gas be doubled, the molecules are only half as 
closely packed, and as a result ,the unit of surface will only 
receive half the number of molecular blows within the unit of 
time. As the molecular velocity is unaltered, half the number 
of blows or impacts will produce only half the pressure. 

As the volume of gases varies with the pressure to which 
they are subject, it becomes necessary to employ some standard 
of pressure to which are referred all measurements of gaseous 
volume. The most important source of pressure to which gases 
are subject is that of the atmosphere, of which the height ot 
the mercury column of the barometer is $ direct measure. 
For scientific purposes, the height of this column is usually 
expressed in millimetres (m.m.). The standard pres¬ 
sure for the comparison of gaseous volumes is that 
which causes the barometer to stand at a height of 730 
millimetres. 

59. Temperature and volume of Gases. -»Not only 
does the volume of a gas vary with its pressure, but also with 
the temperature to which it is subject. Supposing one cubic 
foot of gas, enclosed within the cylinder fitted with piston before 
referred to, have its temperature increased. The piston will 
be forced out, as the volume increases, the pressure remaining 
the same; or if the piston be fixed the pressure will increase. 
In either alternative the increase of volume, or of pressure, as 
the case may be, will be in the same ratio : this follows from 
Boyle’s law. Careful measurements have shown that, under 
constant pressure, one volume of a gas expands of its 
volume at o° C. for each degree increase in temperature; there¬ 
fore the ^coefficient of expansion of gases is said to be or 
0-003665. Now if the mean or actual quantity of gas within a 
fixed space be the same, the only explanation of increase of 
pressure, according to the kinetic theory, is that the velocity of 
movement of the molecules must have suffered change. If the 
velocity of the rectilinear motion of the molecules be increased 
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then the pressure also increases. If the velocity of the mole¬ 
cule be doubled, the pressure is quadrupled, because not only 
does each molecule strike the unit of surface with double the 
force, but also there are doubly the number of blows struck 
within the unit of time. The measure of kinetic energy is taken 
as half the product of the square of the velocity into the mass 
(\mv' = k)\ and hence the pressure which a gas exerts is 
proportioned to the sum of the kinetic energy of the molecular 
motion of the mass of gases. It has been found by experiment 
that, the density or volume of a gas remaining the same, its 
kinetic energy is proportioned torts temperature, reckoned from 
—273 0 C. Now from this statement it follows that a gas would 
be devoid of kinetic energy at a temperature of —273° C., and as 
kinetic energy is dfie to the heat-motion of a gas, it is assumed 
that at -273° C. bodies exhibit no heat-motion, or are 
devoid of heat. In consequence this point has been 
termed the absolute zero of temperature, and tempera¬ 
ture reckoned therefrom is termed absolute tempera¬ 
ture. Starting from this assumption the expression for the 
relation between the volume of a gas and its temperature be¬ 
comes verf simple. Under constant pressure the volume 
of a gas is direotly proportional to its absolute tem¬ 
perature. Owing to this variation in volume with tempera¬ 
ture, the temperature of 0°C.has been selected as the 
standard for the comparison of gaseous volumes. 

The term normal temperature and pressure is frequently 
applied to o°C. and 760 nun., which are also indicated by 
N.T.P. used as an abbreviation. 

60. Gaseous Diffusion.— The molecules of a substance 
in the gaseous state being in such active movement, it may 
readily be understood that gases rapidly mix or diffuse into 
each other. For instance, if in a large room a jar of thlorine 
be opened at the level of the floor, the presence of the gas may, 
owing to its powerful odour, be detected within a few seconds 
in every part of the room, notwithstanding that the chlorine is 
more than double the density of atmospheric air. The natural 
process by whioh one gas is thus disseminated through 
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another, is termed gaseous diffusion. It takes place 
through all gases even when the heavier is at first at the lower 
level, and proceeds until a uniform mixture is attained. Gaseous 
diffusion not only occurs with gases placed in contact, but also 
between gases separated by a thin partition of some porous 
material, as, for example, a thin diaphragm of plaster of Paris 
or porous earthenware. So that if a vessel be divided in two 
by such a diaphragm, and each portion be filled with a different 
gas, they gradually intermix as before, although not so quickly 
as when in absolute contact. The rate of diffusion of gases 
through such a diaphragm is nat uniform, but depends on their 
densities; thus the heavier a gas the more slowly does it diffuse. 
This is readily proved experimentally, in the following manner: 
A piece of glass tubing some twelve inches in length, and an 
inch in diameter, has one end stopped with a plaster diaphragm. 
This is easily made by mixing a little plaster of Paris with water 
to the consistency of a thick cream, spreading the mixture oh 
a plate to a depth of an eighth of an inch, and then pressing 
down in it the end of the glass tube, which must be allowed to 
remain undisturbed until the plaster has set. The tube is then 
set aside, and allowed to become diy. In order toi'fill it, the 
porous diaphragm is covered on the outside with tinfoil, and 
then the tube is filled with hydrogen by upward displacement. 
The inverted tube must next be transferred to a pneumatic 
trough, and placed on a shelf so that its end is about half an 
inch below the surface of the water. The tinfoil is then re¬ 
moved ; the hydrogen diffuses outward through the diaphragm, 
and air diffuses inward. That the hydrogen diffuses more rapidly 
is proved by the fact that the water rises within the tube against 
the action of gravitation, until the tube is about two-thirds full 
of water. If, as a converse experiment, the tube be filled with 
carbon dioxide gas, which is of greater density than air, the 
inward diffusion is the more rapid, and the water is driven 
entirely out of the tube. As a result of experiments of this 
kind, with special precautions taken to avoid error, it is found 
that the rate of diffusion of gases is inversely as the 
square root of their density. Thus hydrogen, with a density 
of i, diffuses four times as rapidly as oxygen with a density of 16, 
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l,et us see how thif is explained according to the kinetic 
theory of gases. At the same temperature, any two gases—foi 
example, oxygen and hydrogen—exert the same pressure, pro¬ 
vided the same number of molecules are enclosed within a 
unit of space. (This results^from Avogadro’s law, which is 
fully dealt with hereafter.) As the pressure is due to the 
impact of the molecules, it follows that the lighter molecules 
of hydrogen must be moving with greater rapidity than those 
of oxygen to produce the same amount of pressure by the sum 
of the impact of the molecules. According to the kinetic 
theory, equality of pressure arjses from the equality of the 
kinetic energy of the motion of the molecules. Calling the 
mass of the oxygen molecule 16 and its velocity i, and kinetic 
energy k, we have for | m v 1 = k 

2 

As the pressure of the hydrogen is the same it follows in its 
case also that k — 8, and the mass of the molecule is i ; then 
| m » 2 = k becomes 

L xt, ‘ = k = 8 
2 

, , 8X2 , 

and v s =- = to 

i 

that is, the velocity of the hydrogen molecule must be four 
times that of the molecule of oxygen, in order to produce equal 
pressure. As the number of molecules which hit the bounding 
surface increases in the same ratio as the velocity, there must 
also be four times as many hydrogen molecules hit the unit 
of surface within the unit of time, as there areW oxygen. An 
investigation of the above equations shows that the ratio of 
the velocity of the rectilinear movement of thfe mole¬ 
cules of different gases at the same temperature and 
pressure is inversely as the square roots of their 
densities. The number of molecular impacts on the 
unit of surface within the unit of time varies in the same 
proportion. A simple proof of this fact may be obtained by 

o 
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calculating the momentum (m v) in Cach case, in accordance 
with this law, and seeing whether they coincide. For oxygen, 
with n being the number of molecular impacts in the same 
space of time, we have 

nmv = 1 5 (i 6 xi = 16 

r 

For hydrogen we have— 

nmv — 4X1X4= iG 

Thus, assuming that in the upper line of the following table 
the whole of the densities of the various gases are correctly 
given (chlorine is slightly in excess), the ratio of velocity and 
number of molecular impacts Vs shown in the lower. 

h, h„o o. ci. 

Density 1 9 16 36 

Velocity 6 21-5 1 

But evidently it is the number of molecular impacts which 
govern the rate of diffusion, because if our unit of surface be 
converted into an aperture in an airtight partition between the 
two vessels of gas, the number of molecules which would have 
struck against that surface becomes the number which pass 
through or diffuse into the other gas. Therefore, Recording 
to the kiaetio theory, the rate of diffusion is directly 
as the number of moleoular impacts on a unit of sur¬ 
face within a unit of time, and this number varies in¬ 
versely as the square roots of the densities of different 
gases. 

Hydrogen Peroxide, or Hydroxyl —Formula, H,0 2 . 
Molecular weight, 33'78. Specific gravity, 1'4S3. 

6 1. Occurrence. —Minute traces of this body appear to 
exist in the air,; in the various processes employed for the 
preparation of ozone, hydrogen peroxide is also produced in 
small quantities. 

62 . Preparation and Manufacture.— It has already 
been stated that the normal basic oxides form water as a 
secondary product when acted on by an acid. Certain of the 
peroxides, under somewhat similar conditions, produce hydrogen 
peroxide. Barium peroxide is one of the most suitable for this 
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purpose, and when suspended in ice-cold water to which an 
acid is added, yields the peroxide of hydrogen. The analogy 
between the basic and the peroxide is shown in thS following 
equations # 


BaO 

+ 

h 2 so 4 . = 

BaSO ( + H 2 0 . 

Barium 

oxide. 


Sulphuric acid. 

Barium Water, 

sulphate. 

BaOj 

+ 

h 2 so 4 = 

BaS 0 4 + H 2 0 2 . 

Barium 


Sulphuric 

Barium Hydrogen 

sulphate, peroxide. 

peroxide. 


acid. 


This latter reaction is that which is usually employed for 
the preparation of this body bbth for laboratory purposes and 
also on the manufacturing scale. The barium peroxide is first 
prepared in the pure state and is then added to cold, dilute 
sulphuric acid (1 of acid to 5 of water) until the acid is nearly 
neutralised. The solution is filtered from the precipitated 
insoluble barium sulphate, and the slight trace of acid re¬ 
maining is removed by the addition of a solution of barium 
hydrate, BaH 2 0 2 , until the solution is neutral to litmus. There 
is thus produced an aqueous solution of hydrogen peroxide, 
which is concentrated by evaporation over sulphuric acid in 
vacuo until the water is evaporated. 

In small quantities hydrogen peroxide may also be prepared 
by the passage of carbon dioxide gas through ice-cold water in 
which barium peroxide is suspended. It is interesting again 
to notice the reactions exhibited both by the normal oxide as 


well as the peroxide. 






BaO 

+ 

co 2 

+ 

h 2 o 

= BaC 0 3 

+ 

h 2 o. 

Barium 

oxide. 


Carbon 

dioxide. 


Water. 

Barium 

carbonate. 


Water. 

BaO a 

-1- 

co 2 

+ 

h 2 o 

= BaC 0 3 

+ 

HA- 

Banum 

peroxide. 


Carbon 

dioxide. 


Water. 

Bariui# 

carbonate. 


Hydrogen 

peroxide. 


In the first of these reactions the water takes ne part, but 
in the second the nascfcnt oxygen of the barium peroxide 
attaches itself to the molecule of water, forming hydrogen 
peroxide. 

63. Properties. - In its im^t concentrated form, hydrogen 
peroxide is a liquid of oily consistency, transparent and colour- 

O) 
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less, devoid of smell, and having a metallic astringent taste. 
It bleaches litmus and many other organic colouring matters. 
As shown' by its formula, the peroxide is water with another 
atom of oxygen contained within the molecule. This extra 
atom is held with very little tenacity, for the concentrated liquid 
decomposes slowly even at low temperatures; at ao° C. bubbles 
of oxygen may be seen escap-'ng, and at higher temperatures 
oxygen is evolved with great rapidity. A very short time of 
boiling is sufficient to entirely decompose the peroxide, with 
the escape of oxygen, leaving only water. 

2 H 2 0 2 = mfi + 0 2 . 

Hydrogen peroxide. Water. Oxygen. 

The presence of a small quantity of free sulphuric acid 
renders the concentrated liquid less prone to decomposition; 
while the peroxide in the dilute state, especially if slightly acid, 
is fairly stable. 

Hydrogen peroxide is a powerful oxidising agent, and, for 
instance, changes sulphurous into sulphuric acid, and lead 
sulphide into lead sulphate. 


h 2 so 3 

+ 

h 2 o 2 

= h 2 so 4 

+ h 2 o. 

Sulphurous 

acid. 


Hydrogen 

peroxide. 

Sulphuric 

acid. 

Vater. 

PbS 

+ 

4 H 2 0 2 

= PbS 0 4 

+ 4 H 2 0 . 

Lead 


Hydrogen 

Lead 

Water. 

sulphide. 


peroxide. 

sulphate. 



It also decomposes potassium iodide by a reaction similar 
to that occurring with ozone ; the free iodine, being recognised 
by its action on starch, serves as a test for hydrogen peroxide. 
If the test be made in the presence of ferrous sulphate, FeS 0 4 , 
the reaction still occurs, while other oxidising agents produce 
under such conditions no reaction. 

Another oxidising action of this body serves also as a 
means fof its detection in small quantities. If a liquid con¬ 
taining hydrogen peroxide be acidulated with sulphuric acid, 
and then some ether and a drop of solution of potassium 
bichromate, K 2 Cr 2 0 7 , added, and then shaken, the ether on 
again rising to the surface is found to be of a deep blue colour, 
The colouration is due to the oxidation of the chromium com- 
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pound to pcrchromic a'cid, which gives to the ether its blue 
tint. 

Hydrogen peroxide behaves in what seems at fifst sight a 
somewhat anomalous manner wjth the oxides of silver, gold, and , 
one or two other metals. If. washed silver oxide be added to 
a solution of hydrogen peroxide, oxygen gas is rapidly evolved, 
and the silver oxide reduced to the metallic state, the peroxide 
at the same time being reduced to water— 

HA + Ag s O = H 2 0 + 2Ag + 0 2 . 

Hydrogen Silver Water. Silver. Oxygen, 

peroxide. oxide ^ 

In this peculiar reaction, hydrogen peroxide acts apparently 
as a reducing rather than an oxidising agent. Silver oxide, in 
common with those of the other noble metals, is a body in 
which the oxygen is held but feebly. We have, therefore, the 
condition that a loosely-attached atom of oxygen exists in both 
the peroxide and the silver oxide; the attraction of the oxygen 
atoms for each other is greater than that for the other bodies 
with which they are at the time united, and so they combine to 
form a molecule of oxygen. 

More.difficult of explanation is the fact that finely divided 
silver, gold, and platinum also possess the power of causing a 
violent decomposition of hydrogen peroxide without themselves 
undergoing any alteration. 

64. Industrial Applications.— The bleaching properties 
of hydrogen peroxide have led to its somewhat extensive use 
as a hair bleacher, dark-coloured hair being changed by its 
action to a light flaxen tint. Its oxidising power on lead 
sulphide has also been pressed into service. The basis of 
most oil colours is white lead—lead carbon,ye. In pictures 
this white body gets slowly more or less changed into lead 
sulphide, which is black, by the action of sulphur cqppounds 
in the air. Such old, discoloured pictures may, in great 
measure, have their colour restored by treatment with hydrogen 
peroxide, which by conversion of the lead sulphide into lead 
sulphate again produces a white body. 
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CHAPTER V 

CHLORINE AND HYDROCHLORIC ACID 

Chlorine. — Symbol, Cl. Atomic weight, 3518. 
Density, 3518. Specific gravity, 2 44. Molecular 
weight, CL, 70 36. Melting-point, -102 C. Boiling- 
point,- 33-6’ C. at atmospheric pressure. 

65. Occurrence.— This gar is not known in the free state 
in nature, but occurs in vast quantities in combination with 
sodium, forming rock salt. 

66 . Preparation. —The gas may be readily obtained from 
its compound with hydrogen (hydrochloric acid, HC1), by 
the action of manganese dioxide ; on mixing these substances • 
together a compound of chlorine with manganese is formed 
thus:— 

4HC1 + MnOj = MnCl 4 + 2H a O. 

Hydrochloric Manganese Manganese Water, 

acid. dioxide. tetrachloride. 

The manganese tetrachloride is an unstable compound, 
and, with an elevation of temperature, is decomposed into a 
chloride containing half the amount of chlorine, with the 
separation of the remainder in the free state ;— 

MnCl 4 = MnCl 2 1 - Cl a . 

Manganese Manganese Chlorine 

tetrachloride. dichloride. 

In the actual preparation of the gas these two actions go 
an together, the tetrachloride being decomposed as rapidly as 
formed. Chlorine is manufactured in large quantities by this 
process for various uses in the arts. The apparatus used in 
the laboratory is shown in figure 32 , in which on the right -hand 
side is shown a flask in which the manganese dioxide and 
hydrochloric acid are heated together. It is preferable to use 
the dioxide in the form of small lumps, about the size of peas, 
rather than the fine powder commonly employed. The gas is 
passed through two wash-bottles, the first containing water, by 
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which traces of hydrochloric acid are removed; and the second, 
concentrated sulphuric acid, which acts as a drying agent. The 
gas is next collected by downward displacement in* a dry jar 
arranged over a powerful down-draught fitted to the table, 
and enclosed in a large cylinder of glass in order to catch 
the chlorine as it escapes from the gas jar. The solubility of 
chlorine necessitates its being collected cither by displacement 
or over warm water. This reaction is the most convenient for 
ordinary laboratory purposes, but chlorine is sdmetimcs pre¬ 
pared from common salt (sodium chloride) direct, by the action 


KlG.*32. 



on it of manganese dioxide and sulphuric acid; the gas is 
disengaged in the cold, but more rapidly with the application 
of heat. The whole of the chlorine is liberated 

2NaCl + 3H.,SO ? + MnO, = 

Sodium Sulphuric acid. Manganese 

chloride. dioxide. • 

2NaHS0 4 + MnS0 4 + Cl, + 2H,0. 

Hydrogen sodium Manganese Chlorine. Water, 

sulphate. sulphate. 

Chlorine may also be obtained by the electrolysis of a solu¬ 
tion of hydrochloric acid. 
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67. Manufacture. —Chlorine is s 6 largely used for various 
purposes that its manufacture constitutes a most important 
branch of'chemical industry. As just mentioned, the reaction 
between manganese dioxide apd hydrochloric acid is largely 
employed for this purpose. On fhe manufacturing scale, large 
stills are constructed of Yorkshire flags, with the edges cemented 
together with vulcanised india-rubber, and having a capacity of 
about 200 gallons. The lower parts of these stills are steam- 
jacketed, and into them are introduced hydrochloric acid of 
sp. gr. r 160 to 1-170 (a waste product of the manufacture 
of sodium carbonate from sotjium chloride) and manganese 
dioxide in small lumps. The reaction which occurs is similar 
to that which takes place on a smaller scale, when the gas is 
prepared for laboratory purposes. 

Weldon’s Process.—An important improvement in the 
manufacture of chlorine is that known as Weldon’s process, in 
which the manganese is recovered from the waste of the' 
chlorine stills in such a form as enables it to be again used. 
The acid still-liquid is neutralised by the addition of calcium 
carbonate in excess in the form of chalk or marble, any iron 
and alumina present are thus also removed by precipitation. 
The impurities are allowed to subside, and the liquid solution 
of chlorides of manganese and calcium is mixed with calcium 
hydrate, CaH 2 0 2 , in excess. This mixture being heated to 
from 55 0 to 75 0 has a brisk current of air blown through it. By a 
somewhat complicated reaction the manganese is peroxidised, 
and precipitated as a thin black mud (Weldon’s mud), having 
the approximate composition, CaMn0 3 ,H 2 Mn0 3 . Analysis of 
this formula shows that this body may be viewed as containing 
2Mn0„Ca0,H 2 0: the whole of the manganese is therefore 
completely oxidised to its original state of dioxide. This 
regenerated oxide is used for the manufacture of chlorine as 
before described; it is much more easily attacked than the 
native oxide, and requires less hydrochloric acid to produce the 
same amount of chlorine. 

Deacon’s Process. —On the passage of air and hydro¬ 
chloric acid through a heated chamber, a partial decomposition 
of the acid occurs, with the production of water and free 
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chloiine. If this chamtfer be filled with fragments of brick 
which have been saturated with a solution of copper sulphate, 
the decomposition of the hydrochloric acid occurs milch more 
readily, although the copper sulphate itself undergoes no 
chemical change. Deacon utilises this reaction commercially 
by causing the mixture of hydrochloric acid and air escaping 
from salt-cake furnaces (see manufacture of sodium carbonate) 
to pass into chambers containing the sulphated brick fragments, 
heated to about 420° C. When in thorough working order, 
about 60 per cent, of the hydrochloric acid is thus converted 
into chlorine, according to the equation— 

4 HC 1 + Oj = 2 H 2 0 + 2 C 1 „. 

Hydrochloric Oxygen. Water. Chlorine, 

acid. , 

68. Properties.— Chlorine is a gas of a yellowish-green 
colour, possessing a most pungent and disagreeable odour, 
which when much diluted with air somewhat resembles that of 
sea-weed. When in the pure state, or even moderately con¬ 
centrated, it acts as an irritant poison, rapidly attacking the 
mucous membrane of the respiratory organs. Water at a 
temperatu*: of 15 0 C. dissolves 2'368 volumes of the gas, pro¬ 
ducing a solution resembling the gas in odour and colour. At 
0” C. a pressure of six atmospheres reduces the gas to a liquid; 
while at a temperature of —34° the gas condenses at ordinary 
pressures. It solidifies at —102° C. to a mass of yellow 
crystals. 

Chlorine, like oxygen, is a supporter of combustion and is 
non-inflammable. Its range of combustion-supporting power 
is not, however, exactly parallel with that of oxygen. Both 
elements combine readily and vigorously with hydrogen ; but 
while oxygen also combines almost as energefically with car¬ 
bon, carbon is incombustible in chlorine. In most cases where 
bodies burn in chlorine, combustion commences at 'a lower 
temperature than in oxygen. On exposing a mixture of 
hydrogen and chlorine to diffused daylight, the gases slowly 
combine, while either bright sunlight, or that of burning 
magnesium wire, causes their immediate union, with explosion. 
Phosphorus, on being plunged unlighted in chlorine, first 
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melts and then takes fire, burning frith a faintly luminous 
flame. Finely divided antimony, arsenic, or copper in the 
form of thin foil (Dutch metal, which is an alloy of copper and 
zinc, answers the purpose) all t take fire when introduced into 
chlorine. The powerful attraction of chlorine for hydrogen 
causes the decomposition of many compounds of carbon and 
hydrogen (hydro-carbons). Thus if tow, or other similar 
substance, be dipped in turpentine, C 10 H, c , and then plunged 
into a jar of chlorine, combustion ensues, with the formation 
of hydrochloric acid, and the separation of the carbon in the 
free state. It will be seen thgt many of these reactions with 
chlorine occur spontaneously, and, as a rule, a lower temperature 
is sufficient to induce the commencement of the formation of 
chlorides, although the heat evolved during combination is less 
than that liberated in the production of the corresponding 
oxides. The following table of equations shows the formation 


of a number of chlorides : — 


h 4 

+ Cl, 

= 2 HC 1 . 

Hydrogen. 

Chlorine. 

Hydrochloric 

acid. 

r, 

+ loci, 

1= 4 PCI,,. 

Phosphorus. 

Chlorine. 

Phosphorus * 
pen trichloride. 

2 Sb 

+ 5 C 1 , 

= 2 SbC% 

Antimony. 

Chlorine. 

Antimony 

pentachlcride. 

Cio H 16 

+ 8Cl a = 

1 GHC 1 + IOC 

Turpentine. 

Chlorine. 

Hydrochloric Carbon, 

acid. 

2 Na 

+ Cl s 

= 2 NaCl. 

Sodium. 

Chlorine. 

Sodium chloride. 


In connexion with the Deacon process it has been pointed 
out that the oxygen of atmospheric air can effect the decomposi¬ 
tion of hydrochloric acid, with the liberation of chlorine. Under 
other conditions, chlorine is able to effect the decomposition of 
water, with the liberation of oxygen. This change slowly occurs 
if a solution of chlorine in water be exposed to the sun’s rays, 
and can be readily observed by inverting a gas jar filled with 
the solution in a small trough also containing water saturated 
with chlorine. As the decomposition occurs, bubbles of oxygen 
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accumulate over the chloflne water in the gas jar. At higher 
temperatures the same reaction occurs more rapidly, and if a 
mixture of steam and chlorine be passed together through a 
red-hot porcelain tube, the escaping gases are found to contain 
oxygen in considerable quantity, which may be collected in 
the pneumatic trough over colcT water. The reaction is thus 
represented 

2C1 2 + 2H 2 0 = 4HC1 + 0 2 . 

Clilorine. Water. Hydrochloric Oxygen. 

acid. 

69. Industrial Applications.— Chlorine is manufactured 
in enormous quantities for the purpose of bleaching calico and 
other goods. For convenience of application it is usually stored 
as a combination qf chlorine and lime to be hereafter described, 
and known commercially as chloride of lime. Chlorine also 
forms a most valuable disinfectant. 

Bleaching.—The natural colour of calico is familiar, as 
1 unbleached calico ’ is largely used for purposes where purity 
of colour is not an object. If perfectly dry calico be immersed 
in dry chlorine, no action occurs, but in the presence of 
moisture the colour rapidly disappears. The change is due to 
the fact tluft the chlorine combines with the hydrogen of the 
water, and the nascent oxygen thus produced attacks most 
vegetable colouring matters, oxidising them into compounds 
almost or entirely devoid of colour. Litmus, indigo, and most 
other vegetable colouring matters arc thus attacked ; so also is 
ordinary writing ink, which is a compound of salts of iron with 
organic acids. Printer’s ink, which is composed of finely 
divided carbon mixed with oily matter, is not thus changed. 

Hydrochloric Acid. -Formula, HCl^ Molecular 
weight, 3618. Density, 18-09. Specific gravity, 1-257. 
Melting-point, -112-5° C. Boiling-point, 10° C. under 
a pressure of 40 atmospheres. 

70 . Occurrence.— At ordinary temperatures hydrochloric 
acid is a gas, and is found in small quantities in the gaseous 
mixture evolved from volcanoes., This compound has aiso 
received the name of muriatic acid (from muria, brine), and is 
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the only known compound of hydrogen and chlorine. Its pre¬ 
paration by the direct union of these elements has already been 
describ«5J. 

71. Preparation.—The* gas is easily obtained by the 
action of sulphuric acid on almost any chloride ; because of its 
cheapness, common salt, NaCl, is usually employed. Salt in 
its ordinary form is so finely divided that the action proceeds 
with almost unmanageable rapidity. This may be modified 
by first fusing the salt and then breaking the solid mass thus 
obtained into small lumps. The gas is extremely soluble in 
water, and therefore has to*be collected by downward dis¬ 
placement. 

The reaction is represented by the following equation :— 
H 4 S0 4 + NaCl = NaHSO, ' + HC1. 

Sulphuric acid. Sodium Hydrogen Hydrochloric 

chloride. sodium sulphate. acid. 

One atom of the hydrogen of the sulphuric acid is here 
driven out by the sodium. At a much higher temperature than 
could be used with a glass flask, the second atom of hydrogen 
is displaced :— 

NaHSO, + NaCl = Na 2 S0 4 + HC1. 

Hydrogen sodium Sodium Sodium Hydrochloric 

sulphate. chloride. sulphate. acid. 

72 . Manufacture.— Enormous quantities of solution of 
hydrochloric acid are obtained as a bye-product in the manu¬ 
facture of sodium sulphate (salt cake), which operation is de¬ 
scribed in Chapter XXII. and illustrated in fig. 67 . The process 
of manufacture is simply a repetition on the large scale of 
that described in the preceding paragraph. From a furnace 
in which the decomposition of the sodium chloride by sulphuric 
acid is effected, large volumes of hydrochloric acid escape. 
These are conveyed by the flue d (fig. 67 ) to the condensing 
towers E*and f. These are brickwork structures filled with 
fragments of coke or brick, and having a stream of water 
descending through them from h, h. This water meets the 
upward current of hydrochloric acid gas, dissolves it, and the 
solution escapes at the bottom. In this way commercial 
aqueous hydrochloric acid is manufactured. 
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73. Properties. —Hydrochloric add is a colourless gas 
which is rendered visible on coming in contact with air con¬ 
taining moisture, by the production of dense white funfes, con¬ 
sisting of a compound of the gas, with water, which condenses 
to the liquid state. It has a §harp pungent odour, and when 
dissolved in water, a very acid taste. The gas is neither 
inflammable nor a supporter of combustion. At io° C. a 
pressure of 40 atmospheres condenses this gas to a colourless 
liquid, and at — 115 0 this liquid condenses to the solid state, 
re-melting at -ii 2 ' 5 ° C. Liquid hydrochloric acid does not 
appear to be a very active body, %nd exerts very little action on 
most of the metals. It is necessary to distinguish carefully 
between a liquid gas and a solution of the gas. Invariably in 
this work a liquid* gas—as, for instance, ‘ liquid hydrochloric 
acid ’—means the gas reduced by cold or pressure, or both, to 
the liquid state; a solution of the gas, as ‘ a solution of hydro¬ 
chloric acid,' is the gas dissolved in water, unless some other 
solvent is specifically mentioned. 

74. Aqueous Hydrochloric Add.— This name is 
applied to Jjie solution of hydrochloric acid gas in water. On 
opening the mouth of a jar of the gas under water, the jar is 
immediately filled; the first few drops of water absorb large 
quantities of the gas, and thus create a vacuum into which the 
water rushes with considerable force. At 4 0 C. water absorbs 
492 volumes of hydrochloric acid, and the resultant liquid has 
a density of 1 - 2265 . The aqueous acid thus prepared fumes 
strongly on exposure to air, and has the pungent odour of the 
gas. On being heated it evolves gaseous hydrochloric acid 
in large quantity until the liquid acquires a density of rioo, 
when it distils over unchanged; this density Hoes not, how 
ever, represent any constant of chemical composition, but 
varies with the atmospheric pressure under which thh distil¬ 
lation is conducted. The acid exerts no bleaching action, but 
reddens litmus, and forms compounds with the metals termed 
chlorides on being brought into contact with their oxides. The 
aqueous acid is readily decomposed by iron, zinc, or other 
readily oxidisable metals, with the evolution of free hydrogen. 
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Gaseous hydrochloric acid is also Itecomposed in a manner 
similar to water when passed over red-hot iron filings. Com¬ 
mercial 1 hydrochloric acid is commonly of a yellow colour, due 
to the presence of iron. Arsenic, salt, sulphurous and sulphuric 
acids, and free chlorine are alsp frequently present as impurities, 
The following table shows the strength of hydrochloric acid of 
various densities. 



Hydrochloric acid in | 


Hydrochloric acid in 

Density 

100 

parts 

Density 

100; 

parts 


at o° C. 

at 15 0 C. | 

at o° C. 

at 15° C. 

I'000 

o-o 

01 

1*125 

23 6 

24-8 

1*014 

27 

2-9 

>••43 

27-0 

28-8 

I '029 

5-5 

5-8 

II 57 

. 29-7 

31-2 

1-044 

8'4 

89 

1-166 

3 1 "4 

33-0 

ro6o 

n-4 

12-0 

'■175 

33-o 

34-7 

1-075 

14-2 

15-0 j 

1 -185 

35-r 

368 

I -091 

17'2 

li>*I | 

i-<95 

37-i 

39-o . 

1-108 

20-4 

21-5 : 

1-205 

39-1 

41-2 



! 

I *212 

417 

42-9 


75 . Industrial Applications.—The impure commercial 
hydrochloric acid is largely used for the preparatioryof chlorine; 
also for the formation of chloride of tin, SnCl 2 , a salt em¬ 
ployed by the dyer and calico-printer. Ammonium chloride, 
NH 4 C1 (sal-ammoniac) is manufactured in large quantity by 
treating the ammoniacal liquors of the gas-works with hydro¬ 
chloric acid. 

76. Composition.—That hydrochloric acid contains hy¬ 
drogen and chlorine is readily shown by subjecting it to 
electrolysis. As nascent chlorine attacks and dissolves plati¬ 
num, it is necessary to substitute electrodes of carbon foi 
those of that‘metal. A suitable apparatus for the purpose is 
shown in fig. 33 , which consists essentially of three glass tubes 
connected together at the lowe, end. The carbon electrodes 
are fitted to corks which pass through the open ends of two of 
the tubes ; these tubes are fitted at the top with glass stop¬ 
cocks. The third tube is provided with a bulb, and serves as 
a reservoir for the liquid displaced by the accumulation of gas 
The apparatus is filled to the level of the opened stopcocks 
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with pure concentrated hydrochloric acid, and then connected 
with the voltaic battery. Hydrogen and chlorine are evolved 
respectively from the two electrodes, but as chlorine is soluble, 
it becomes necessary to continue the current until the liquid 
in the one limb is saturated witn the gas. During this time 



, ,y 


its colour gradually becomes yellow, through the absorption 
of chlorine. At this stage, on closing the stopcocks, gases 
accumulate in each limb in equal volumes; the one gas being 
found to be chlorine, and the other hydrogen. 

It should be noted that chloriqe, like oxygen, is liberated 
from the electrode connected with the copper or platinum 
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element of the battery. The folkftring eight elements are 
alike in this respect, and from their behaviour on their com¬ 
pounds being subjected to electrolysis, are termed negative 
elements: oxygen, chlorine, jjromine, iodine, fluorine, sulphur, 
selenium, and tellurium. 

The experiment just described shows that the decomposi¬ 
tion of hydrochloric acid yields hydrogen and chlorine in equal 
volumes, but it does not show the relation between the quantity 


Fi<;. j*. 



of hydrochloric acid decomposed and elementary gases 
liberated. Information on this point is gained from the 
following experiment. 

A Specially prepared tube, a", fig. 34 , is obtained, having a 
stopcock at each end, and two platinum wires fused through 
the sides, so as to permit of an electric spark being passed 
between the ends. The jar a is filled with a mixture of chlorine 
and hydrogen in equal volumes, and on opening the stopcocks 
and spring clip, the mixed gases pass first through the drying- 
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tube c, and then fill th*e tube d by displacement. The stop¬ 
cocks arc then closed, and an electric spark passed; combina¬ 
tion ensues, and the resultant hydrochloric acid is permitted 
to cool. On now opening on<» of the stop-cocks under the 
surface of a trough of mercury, there is no escape of gas, 
neither does the mercury rise in the tube, consequently no 
alteration in volume has occurred. On opening the stopcock 
of the lube over water, the whole of the gas is dissolved with 
great rapidity. Therefore, one volumo of hydrogen and 
one volume of chlorine unite to form two volumes of 
hydrochloric acid gas. Determinations of the densities of 
hydrogen and chlorine show that they are represented by roo 
and ; 5 'i.S respectively; therefore, by weight, hydrochloric arid 
gas has the following composition : — 

IVts by weight Pcrccntairo 

I lydrogen.1'™ 2*76 

flilnrinc . 35" 1 *' 97‘ 2 4 

36'i S ico'oo 


• CHAPTER VI 

LAWS OF CHEMICAL COMBINATION BY WEIGHT AND VOLUME 

77. Chemical Equivalents.— In connexion with the 
definitions of atoms and molecules given in the first chapter, it 
is explained that combination between elements always occurs 
in definite proportions. The chemistry of hydrogen chlorine 
and oxygen, and their compounds, having afforded several 
illustrations of such definite combinations, the laws of combina¬ 
tion in definite proportion may at this stage be |xamined more 
closely and systematically. In the first place let us state the 
composition of the compounds already studied, together with 
gravimetric expressions of certain of the chemical changes which 
have been explained. 

* pari of tiy.lropen com)lines with 7’94 parts of oxygen to form water. 

I ,, ,, ,, 15*88 parts of oxygon to form hydrogen 

peroxide. 

- ,, 35* 1.8 Jrnrts of chlorine to form hydro¬ 

chloric acid. 

H 
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35* 18 parts of chlorine displace 7'94 pails of oxygen from water, with 

the formation of hydrochloric 
, acid. 

32'45 „ zinc „ 1 part of hydrogen from hydro¬ 

chloric acid. 

2775 ,, iron ,, 1 part of hydrogen from hydro¬ 

chloric acid. 

2775 „ „ ,, 31 *55 parts of copper from copper 

chloride, and at the same time— 
2775 ,, iron combine with 35’iS parts of chlorine. 

3* *55 ,, copper ,, 15*91 parts of sulphur. 

7'94 ,, oxygen ,, 99' 2 5 parts of mercury are obtained by 

the decomposition of mercury 
oxide. 

So far, these statements only refer to chemical reactions 
already described; to these may be added a few others that 
will further serve to illustrate the matter under consideration. 
First, let us take a scries of displacement reactions, similar to 
that of iron on copper chloride. 

99'25 parts of mercury are displaced by 31'55 parts of copper from mer¬ 
cury chloride. 

3**55 *» copper „ „ 2775 parts of iron, from copper 

chloride. 

31-55 „ ,, ,, „ 32*45 parts of zinc from copper 

chloride. 

In the next place, a well-known property of chlorine is that 
it displaces bromine and iodine from bromides and iodides, in¬ 
cluding those of hydrogen (hydrobromic and hydricdic acids). 

35't 8 parts of chlorine displace 79*36 parr, of bromine from hydrobromic 

acid. 

79*36 „ bromine ,, 125*90 parts of iodine from bydriudic acid. 


In the three compounds, hydrochloric, hydrobromic, and 
hydriodic acids, 1 part of hydrogen is combined respectively 
with 35*18 parts of chlorine, 79*36 parts of bromine, and 125*90 
parts of iodine. From the statements just given the following 
deductions may readily he made:— 

f 7*94 parts of oxygen. 


(1). 1 part of hydrogen may 
combine with, or he displaced from 
a compound by 


35*18 ,. ,, chlorine, 

32*45 „ .. zinc. 

2775 „ „ iron. 

79*36 „ „ bromine. 

125*90 „ „ iodine. 
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(j). ;'94 parts of oxygon 

45 'j 8 „ ,, chlorine 

79\-/> „ „ bromine 

125-90 „ iodine • 

(.0- 99*25 parts of mercury 

3' '55 » » copper 

27-75 .. >, iron 

3* , 45 .. "lie 


99 

| May each replace the other 
■ in certain chemical com¬ 
pounds. 

| May replace each other, or 
1 part of hydrogen, in cer¬ 
tain compounds. 


The weights here given are asaid to be equivalent to each 
other in these various compounds. As hydrogen is here repre¬ 
sented by 1, it is taken as the standard for comparison of the 
others, and accordingly, the weight of an element which 
combines with, or by displacement expels from a com¬ 
pound, one part by weight of hydrogen, is termed its 
‘ chemical equivalent.’ In passing, let it be carefully noted' 
that the chemical equivalents are simply expressions of the results 
of actual experimental determinations; they are in no way 
dependent on any chemical theory or hypothesis. 

» 

78. Combination in Multiple Proportions.— The 

oxides of hydrogen, water and hydrogen peroxide, afford 
examples of two elements combining in more than one propor¬ 
tion. It will be observed that in the one compound exactly 
double the quantity of oxygen is combined with 1 of hydrogen 
as there is in the other. Taking other series of compounds 
into consideration, it is found throughout that a very simple 
relation exists between the proportions of each element found 
in the various compounds. In fact, not only does chemical 
combination invariably occur in definite proportions, 
but also, when two elements happen to combine in more 
than one proportion, they unite in multiple prop&rtions. 
It may seem strange that this law was not discovered earlier in 
the history of chemistry than it was, but if the composition of 
bodies be expressed simply in percentages instead of being 
represented by formulae, the fact is.not so evident. To give an 
example, there are two compounds of carbon and oxygen which 
iave respectively the following percentage compositions 
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No. i No. a 

Carbon 42857 27273 

Oxygen 57143 72727 

lOO'OOO 1 IOO'OOO 


O11 the surface there is here no evidence of combination in 
multiple proportion ; 42 is no simple multiple of 27, neither is 
72 of 57. But let us in each case see what weight of oxygen is 
combined with one part by weight of carbon ; this is determined 
by dividing the weight of oxygen by that of carbon in each 
compound :— 

No. 1. 5 ? -' b 3 _ |-^ 0 f 0 to 1 of C. 

42 'i >57 

No. 2. 2 ~ — .2 (>6 of O to 1 of C. 

27-273 

When stated in this manner it is at once seen that to the 
* *flnit of carbon there is twice as much oxygen in the latter com¬ 
pound as in the former. 

Combination in multiple as well as in definite proportion is 
readily and consistently explained by the atomic theory ; the 
atoms have definite weight, and the molecules of all compounds 
contain a whole number (and usually a comparatively small 
whole number) of atoms, consequently the proportional weight 
of each element present must either be the atomic weight or 
some multiple of the atomic weight. 

79. Avogadro's Law. —When molecules are in the un- 
aggregated or gaseous state, they follow laws of combination 
by volume, which are equally definite with those which govern 
combination by weight. As an introduction to these the 
student should again carefully read the 57th and following 
paragraphs which deal with the kinetic theory of gases and the 
relation^ existing between their volume, temperature, and pres¬ 
sure. 1 Following on these an endeavour will now be made to 
explain a series of deductions on which a most important 
chemical and physical law is based. 

In the first place if any two gases be taken for purposes of 
comparison, let it be remembered that the pressure is due to 

1 For a fuller and more detailed explanation of the kinetic theory of 
gases, and deductions therefrom, the student is specially recommended to 
study Clerk Maxwell’s Theory of Heat, p. 307, et seq. 
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the kinetic energy of the motion of the molecules, and that if 
the two gases be under similar conditions of temperature and 
pressure, the kinetic energy of molecular motion is equal in 
each case. If two sets of tnolfccules whose mass is different 
be enclosed within the same vessel, they come to a state of 
equilibrium by a mutual exchange of energy, until tire average 
kinetic energy, of a single molecule of either gas is the 
same. Ast-igning to the gases the numbers i and a, and as 
before calling mass, m, and velocity, v, we have 
Jw/,?', 2 = \m.pv}, and/a,?.',* = 

Next a quantitative expression of the pressure of the gas 
must be obtained. From the previous definitions, the pressure 
of a gas is evidently the molecular momentum multiplied by 
the number of molecules impinging on the unit of surface in the 
unit of time. The molecular momentum is mv, and the 
number of molecules striking the unit of surface in unit qj „ 
time will be nv, where n is tiic number of molecules in the 
unit of space. The product is n m 'A Hut since, in determining 
the pressure on the unit of surface, we arc concerned only with 
die resolved velocities of the molecules in one direction, this 
must be divided by 3, and, calling the pressure /, we get 
/ = £ « m v 2 . 

I.ct us next suppose that our two gases are at the same 
temperature and pressure. In the first place it is a condition of 
equality of temperature that /«, v?=m, v Then the pressure 
being equal, we have /1 and 

n m v i and /> 2 —3 n i »h 

But as /, —p. u then 

And as the temperatures are equal 

&, a = in, v.,*, 

and consequently, 

»i = n,. 

• 

Id other words, when any two gases are at the samo tem¬ 
perature and pressure, the number of moleoules in ths 
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unit of volume is the same in both gases. This law is 
known as that of Avogadro, being so named after its fust 
discoverer. In its earlier history it was more of the nature of a 
hypothesis, and was accepted because of the consistent explana¬ 
tion of a number of chemical facts ; but with the acceptance 
of the kinetic theory of gases, it is, as seen, capable of direct 
deduction from that theory. Another mode of statement of 
Avogadro’s law, which is of importance to the chemical 
student, is the following ; At the same tomporature, and 
under the same pressure, the volume of any gaseous 
molecule is tho same, whatever may be the nature and 
composition of the gas. 

80. Constitution of Molecules.— The greater activity 
of hydrogen and oxygen in the nascent state has been adduced 
as proof that these elements normally exist as molecules 
containing more than one atom of the element. The law 
of Avogadro enables us to obtain proof of the same fact in 
another manner. Let us compare, for instance, the gases 
hydrogen and hydrochloric acid. Equal volumes under similar 
conditions have respectively the relative weights of roo and 
x 8 - 09 ; and by Avogadro’s law the relative weights of the mole¬ 
cules must also be the same, because such equal volumes con¬ 
tain the same number of molecules. By experiment we know 
that hydrochloric acid contains half its volume of free hydrogen ; 
consequently, as the molecular volume of hydrogen and 
hydrochloric acid is the same, there must be in the hydro¬ 
chloric acid molecule half the amount of hydrogen contained 
in the molecule of hydrogen gas. In other words the molecule 
of hydrogen contains double as much hydrogen as the mole¬ 
cule of hydrocf\loric acid which occupies the same volume. 
Now the hydrochloric acid molecule must contain at least one 
atom of ( hydrogen, and, as only one atom has ever been ob¬ 
tained from it, we further conclude that it contains only one 
atom. Therefore the hydrogen molecule, which contains twice 
as much, must consist of two atoms, and no more than two, of 
hydrogen. The number of atoms in the molecule can only 
be determined in the case 6 f those elements which can be 
measured and weighed in the gaseous state. 
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8i- Combination fey volume.— Knowing the molecular 
constitution of gases, it is easy to express the law by which 
their volumetric combinations are regulated. It is first neces¬ 
sary to express the particular chgmical change by equations in 
which each gaseous element present is expressed by its mole¬ 
cular formula. Then, the proportions by volume of all 
gaseous bodies which participate in any chemical reac¬ 
tion are in tho direct ratio of the number of molecules 
of each body; or, in other words, each molecule of a gas 
represents a unit of volume of that body. This is easily 
demonstrated by means of a fgw examples; in the following 
equations the molecule is represented by two squares, indicating 
that the volume is double that of an atom : 


U'. 


I M 
LvJ 


tel + L&j 


m 

m 


- ra 

- 

$■11 - tel 


tel 

teJ 

Lte 


The first two reactions arc already familiar to the student 
as those »eprcsenting the formation of hydrochloric acid and 
water from their elements : the third represents the production 
in the same manner of N1I 3 , known as ammonia. 

82. Determination of Atomic Weights.— It is only 
comparatively recently that even an approximate estimate of 
the absolute weight of atoms has been possible. For chemical 
purposes, however, the relative weights of atoms of different 
elements is of far more importance, and these have been deter¬ 
mined with the greatest possible exactitude, every precaution 
known to chemical experimental science having been taken in 
order to ensure accuracy. In the first place some element 
must be selected as the standard of comparison, and both 
hydrogen and oxygen have been suggested for that purpose. 
As the atomic weight of oxygen is the fundamental one from 
which all others are calculated, it has been proposed to take 
h as the standard, calling its atomic weight r, 10, or too. 
Hydrogen, however, possesses the great advantage that its 
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atomic weight is less than that of all other elements and con¬ 
sequently, if it be taken as unity, all other atomic weights will 
be whole or mixed numbers. At the present time chemists ai e 
almost unanimous in their selection of the hydrogen standard, 
and accordingly the atomic weight of hydrogen is taken 
as unity (l'OO.) (Compare foot-note on p. 10.) 

Practically the first experimental step taken in the deter¬ 
mination of the atomic weight is that of ascertaining the 
chemical equivalent of the element. Ibis may be done by 
direct analysis or synthesis of its hydrogen compound, such as 
has been described in the case'of water, or some other definite 
and well-marked chemical compound of the body is examined 
and its equivalent thus deduced. Thus, knowing that 7 '94 is 
the chemical equivalent of oxygen, the quantity of any other 
element equivalent to that weight of oxygen might also be 
considered as equivalent to ro part of hydrogen. For example, 
in determining the atomic weight of carbon, Dumas and Stas 
burned graphite, diamond, and charcoal in pure oxygen. I hey 
found that 1 "375 grams of diamond (C), yielded 5-041 of 
carbon dioxide (C 0 2 ), and consequently must have combined 
with 3 666 grapis of oxygen. The chemical equivalent of car¬ 
bon, in terms of that of oxygen, is in carbon dioxide therefore : 

As 3 666 : 7 9S:: 1-375 : 2-99 of carbon. 

The chemical equivalent of silver has been many times 
determined with the greatest care, because it forms the starting- 
point in making other atomic weight determinations. Thus 
Dumas burned finely divided silver in a current of chlorine 
gas and found that 107-97 parts of silver combined with 35-37 
parts of chlorine to form silver chloride (AgCl). 

The chemical equivalent may be identical with the atomic 
weight, but is not necessarily so : for example, when 1 part 
by weight of hydrogen combines with 7-94 parts of oxygen to 
form water, it does not follow that the combination is between 
one atom of each element. It may be that one atom of 
hydrogen has united with one of oxygen, or two atoms of 
hydrogen with one of oxygen,- or the atoms may have combined 
in some other proportion. If the first supposition be correct, 



Determination of Atomic Weights 105 

• 

the atomic weight of oxygen is 7-94, and the formula of water, 
HO ; if the second is the correct hypothesis, the formula must 
he H., 0 , and the atomic weight of oxygen 7-94x2= 15'88 
It is evident, however, that the •hemical equivalent must bear 
some simple relation to the weight of the atom; it is, in fact, 
either identical or else an aliquot part of it. In deciding the 
atomic weight from the chemical equivalent the chemist is 
guided by the following considerations :— 

( 1 ) The density of the element and its compounds in 
the gaseous state. 

( 2 ) The specific heat of tl*> element in the solid state. 

( 3 ) The crystalline form assumed by the compounds 
of the olomont. 

These three methods must now be examined in detail. 

( 1 ) The donsityof the elements and their compounds 
in the gaseous state. The gaseous density of the element 
in certain cases agrees with the atomic weight, as deduced from 
other considerations, and always bears a simple relation to it. 
The following table gives the density of the gaseous form of 
those elements capable of being vaporised at manageable 
temperatures. 


Name of Element 

Density of gaseous form 

Uolilie weight 

Hydrogen .... 

I 

I 

Uxyyui .... 

r 5 'SS 

l 5 'SS 

Nitrogen .... 

era 

« 3 'A> 

Chlorine ... 


35-18 

llromine .... 

79 

79 ' 3 <i 

Iodine ... 

I 25-90 

I25-90 

Sulphur ... 

31-85 (at hit'll temps.) 

31'83 

Selenium .... 

78*6 (at high temps.) 

7 S '6 

I'otassivui .... 

38'86 (?) 

38-86 

Sodium .... 

22-88 (?) 

22'S8 

Mercury .... 

99' 2 5 

I 98'5 

Cadmium , 

55'8 

in 6 

Zinc. 

3 2 ’45 

64-9 

Arsenic .... 

I^S-SO 

74*4 

1’hospliorus 

61 '54 

30-77 


Knowing from Avogadro’s law (hat the molecular volume of 
ill gaseous bodies is alike (similar conditions of temperature 
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and piessure are always understood), the weight of the mole¬ 
cules must be twice the density in terms of hydrogen as unity. 
For example, chlorine has a density of 35' 18, and a molecular 
weight of 70-36. By a simitar train of reasoning to that by 
which the molecule of hydrogen is shown to consist of two 
atoms, it may be shown that that of chlorine also contains two 
atoms, and therefore the weight of each atom must be 35 '18. 
This number agrees with the chemical equivalent, and has been 
assigned as the atomic weight of chlorine. 

With oxygen the density is just double the chemical equi¬ 
valent (in water), and it is neaessary to decide whether 7*94, or 
some multiple of that number, shall be taken as the atomic 
weight. Now water is capable of decomposition by the dis¬ 
placement of its hydrogen by sodium, and’ this displacement 
can take place in two distinct steps, one-half the hydrogen being 
displaced at a time: the obvious inference is that there are 
two atoms of hydrogen in water, that the formula must be 
written H 2 0 , and that 7-94 x 2 = 15-88 must be taken as the 
atomic weight of oxygen. This view receives further support 
from the proportions of combination by volume of oxygen and 
hydrogen—two volumes of hydrogen combine with «ne volume 
of oxygen to form two volumes of water (in the gaseous form), 
and hence the assumption that two molecules of hydrogen have 
combined with one molecule of oxygen to form two molecules 
of water. As two molecules'of water contain between them two 
molecules of hydrogen, each water molecule must contain two 
hydrogen atoms, and therefore the molecular formula is re¬ 
quired to be written H., 0 . 

In the case of mercury, cadmium, and zinc, the molecular 
weight, as determined from the density, is identical with the 
atomic weight,'from which it follows that the molecules each 
contain but one atom, or are monatomic. Bearing in mind that 
the chemical definition of an atom is that it is the smallest 
possible particle that has been caused to enter into, or be 
expelled from, a compound, we deduce the atomic weight of 
mercury in the following manner. Its chemical equivalent is 
99-25, that of oxygen being 4-94, but as the chcnfical equivalent 
of oxygen has to be doubled in order to give the weight of the 
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atom, lliat of mercury must also be similarly multiplied in order 
to give the atomic weight of mercury, 99-25 X 2 - 198-5. 

Arsenic and phosphorus are distinguished by their density 
Deing double their atomic weight,«nd consequently their mole¬ 
cular weight quadruple that of the atom. Their molecules con¬ 
tain 4 atoms, and are termed tctratomic. The least possible quan¬ 
tity of phosphorus contained in any compound yet examined 
is 30-77, and so this number is selected as the atomic weight. 

Not only does the molecular weight of elements as deter¬ 
mined in the gaseous state afford assistance in the determination 
of the atomic weight, but so alsado the molecular weights of 
their gaseous compounds.. If we examine a series of such 
compounds, and determine the weight of the element in each, 
there cannot be less, of course, than an atom of the element 
present. And if the number of compounds be very large it may 
be assumed that some of them at least will contain no more 
than one atom, hence the rule : The atomic weight of 
an element may bo said to be the least weight of that 
element ever found in the quantity of any of its 
volatile compounds which occupies the same volume 
as two parts by weight of hydrogen— that is, the weight 
found in the molecular volume of the substance. This 
method has the advantage of being applicable to elements 
themselves incapable of volatilisation. An example will make 
this more clear, and for that purpose carbon shall be chosen, 
being an element never obtained in the gaseous state. 


Volatile compounds of Carbon 


Carbon monoxide, CO . 
Carbon dioxide, CO* . 
Methyl hydride, ClI, , 
Acetylene, C*II 2 
Carbon chloride, CC1, . 
Chloroform, CIIC1, 
Methyl alcohol, CH s HO 
Kthyl alcohol, C 8 H 4 I10 
Cyanogen, C g N 2 . 

I Hydrocyanic acid, I1CN 
i Carbon disulphide, CS a 


olecular wifclit 

Weight of Carbon 

deduced from 

contained in the 

density 

moleculu 

— 

• 

27-79 

11 91 

43’<>7 

iryi 

is'y 

11101 

25-82 

23*82 

152 63 

irgi 

11S45 

iryi 

3 * '79 - 

iryi 

45'7« 

23 82 

51 *6S 

23-82 

26 '84 

11-91 

75’57 

11*91 
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An inspection of this series of compounds shows that in 
the molecular weight of each the quantity of carbon is repre¬ 
sented by cither irep, or a multiple of that number. An 
investigation on these lines confirms irgi as the atomic weight 
of carbon. 

( 2 ) The specific lioat of tho element in the solid 
state.—From a number of measurements of specific heat of 
the elements, Dulong and Petit, so early as 1819, arrived at 
the conclusion that the specific heats of the elomonts 
in the solid state are invorsoly proportional to their 
atomic weights. In consequence, if the specific heats of 
the elements be multiplied by their atomic weights, a series of 
numbers are obtained which theoretically should be identical. 
Practically, they, for a large number of the elements, closely 
approximate to each other. A direct deduction is that the 
atoms of all elementary bodios possess tho samo specific 
heat. While, in a large number of cases, Dulong and Petit’s 
law is comparatively closely obeyed, yet some of the elements 
show very great discrepancies. These are firstly accounted for 
by the fact that the specific heat of the elements varies with 
the temperature, the two usually increasing together. Further, 
from the necessities of the case, the specific heat of some 
elements must be determined much nearer their melting-points 
than is that of others. The three principal exceptions to 
Dulong and Petit’s law are carbon, boron, and silicon—elements 
closely resembling each other in chemical character and all 
marked by a very low specific heat at ordinary temperatures. 
In order to test this question of the influence of temperature, 
the specific heat of carbon has been determined at temperatures 
varying from —80 to 1060° C. Above a certain temperature the 
specific heat becomes constant and follows the law of Dulong 
and Petit. The following table gives the specific heat of the 
most important of the elements in the solid state. 
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Lithium 

Boron, crystalline 

i) 11 

i> 11 

Carbon, diamond 


Sodium 
Magnesium . 
Aluminium . 
Silicon, crystalline 

11 n 

Phosphorus, yellow 
Sulphur, rhombic 
Potassium . 
Calcium 
Chromium , 
Manganese . 

Iron . , 

Cobalt. 

Nickel. 

Copper 
Zinc . 

Arsenic, crystalline 
Selenium, crystallim 
Bromine, solid 
Molybdenum 
Palladium . 

Silver . , 

Cadmium . 

Tin . „ 

Antimony , 

Iodine. 

Tellurium . 
Platinum 
Gold . 

Mercury 
Lead . 

Bismuth 
Uranium 


Suecific 

Heats 

Temperature 
of observation 

Atomic Weight 
from 

Specific Heat* 

Atomic 

Specific 

Heat 

0-941 

•+ 

64° 

Li = 701 

6-6 

0-230 

+ 

3C 0 

13 = 10-9 

2*5 

0-366 

+ 

2 33 “ 


4'3 

0-5 (?) 

+ 

6oo° 


(5-45) 

0-1318 

+ 

33-4° 


i- 5 8 

0-3026 

+ 

247° 


3-^3 

0-459 

+ 

9*5° 

C = 1197 

5'5 

0-293 

— 

1 4 ° 

Na = 22-99 

67 

0-245 

+ 

36° 

Mit= 23-94 

5'9 

0*202 

,+ 

37 ° 

A 1 - 270 

5’5 

0-169? 

+ 

21-6° 


475 

0-203 

+ 

232° 

Si = 28 

57 

0-189 

+ 

' 9 ° 

P f. 30-96 

5'9 

0-178 

+ 

67’ 

S = 3 I -98 

5-7 

0-166 

- 

34 “ 

K 39-03 

6-5 

O-l/O 

+ 

5 ( >" 

(-'■I - 39-9 

6-8 

0-100 

+ 

36° 

C'r = 52-4 

5 '2 

0122 

+ 

55 “ 

Mn= 54-8 

67 

O’l 12 

+ 

3'° 

Fe = 55-9 

6-3 

0-107 

+ 

55 ’ 

Co = 58-6 

6'3 

o-ioS 

+ 

55 “ 

Ni = 58-6 

6-4 

0-0930 

+ 

35 ° 

Cu = 63-2 

5-9 

0*0932 

+ 

33 ° 

'/.n - 64-9 

61 

0-0814 

+ 

55 “ 

As = 74-9 

61 

0-0840 

+ 

42° 

Sc =s 78-9 

6-6 

0-0843 

- 

5 i° 

Hr = 79-76 

67 

0-0722 

+ 

55“ 

95'9 

6'9 

00593 

+ 

55 “ 

I’i = |f)6 *2 

6*3 

0-0560 

+ 

36° 

Ag *= 107-66 

60 

0-0542 

+ 

37 ° 

Cel = 111 7 

6-o 

0054S 

+ 

34 “ 

Sn =117-4 

6'5 

00523 

+ 

3 l ° 

Sb « 120 

63 

0 - 054 I 

+ 

59“ 

1 =126-53 

6-8 

0-0475 

+ 

36° 

Te = 126-3 

6-o 

00325 

+ 

3 »“ 

rt =194-3 

6-3 

0-0324 

+ 

55“ 

Au = 196-2 

64 

00319 

— 

59 ° 

Ilg = 199-8 

6-4 

00315 

+ 

34 “ 

Pb *=206-4 

6-5 

00305 

+ 

34 “ 

Bi =207-5 

6-3 

0-0277 

+ 

49 “ 

O 

04 

II 

D 

6-6 


It will be seen that the atomic specific heat, or specific 
heat of atomic weight of the elements in most cases falls be¬ 
tween 6 - o and 6‘s and averages about 6-3. In a few elements the 
atomic specific heat is lower, while in some it rises as high as 5 8 
ami fi-g. it has already been explained that the temperature 
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and proximity to the melting-point must affect these deter¬ 
minations ; in addition to these, the presence of unavoidable 
impurities, and errors of experiment, are disturbing causes. 
It may be possible, after th« elimination of these sources of 
error, that specific heat determinations may not give absolutely 
identical atomic specific heats for the elements. And yet, 
Dulong and Petit’s law may still be strictly true : the specific 
heat, as determined by experiment, is really occupied in pro¬ 
ducing two distinct effects: the first is that of raising the 
temperature of the body; this is true specific heat; the second 
is in causing the expansion #f the body and producing other 
changes in the molecules of the element. If it were possible 
to determine the true specific heat as just defined, Dulong and 
Petit’s law might absolutely apply. 

The specific heat of atoms is apparently unaltered by 
chemical combination ; that is to say, the molecule of a solid 
compound possesses a specific heat which is the sum of the 
specific heats of its component elements. Thus lead iodide, 
Pbl 2 , and bromide, PbBr 2 , possess specific heats which are the 
sum of those of the constituent atoms. By subtracting the 
specific heat of the lead atom from that of the molecules of the 
compound, a result is arrived at, for the bromine and iodine 
respectively, which closely agrees with those obtained by direct 
experiment. The same course of investigations has been ap¬ 
plied to the chloride, PbCl 2 , and from it the atomic specific heat 
of chlorine has been calculated, the result being 5-95, which 
number agrees with the specific atomic heats of the other 
elements. The following gaseous elements have also been 
examined in the same way and with the following results 


Atomic Weights Specific Atomic Merit c 


Hydrogen 

r’o 

2 '3 

Oxygen 

15'88 

4 '° 

Chlorine 

35 ' |S 

5 '95 

Fluorine 

i 8‘9 

5 '° 

Nitrogen 

CV 9.1 

r,’o to 5 t, 


The three latter elements are thus brought fairly into agree¬ 
ment with the solid elements; hydrogen and oxygen are excep- 
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tions, but, if they follow tlie same rule as the carbon group, it 
is possible that examination of their compounds at very high 
temperatures may give atomic specific heats more nearly 
approaching the normal. The agreement between the atomic 
weights as deduced from the molecular volumes by Avogadro’s 
law, and those obtained according to the law of Dulong and 
Petit, is a matter of deep interest. The student will remember 
that in the gaseous state equal increments of temperature 
produce equal increments of kinetic energy; in the solid 
state equal increments of heat (at certain temperatures of 
comparison) produce equal increments of temperature in the 
atoms. 

The great value of Dulong and Petit’s law in the present 
state of chemical science is not so much' the exact determina¬ 
tion of the atomic weight, as the control of the chemical 
equivalent obtained by other methods. T bus zinc has a 
chemical equivalent of 32-45 ; its compound with chlorine 
consists, according to analysis, of 

Zinc 32-45 by weight 
Chlorine 55-18 „ „ 

•Zinc chloride 67 63 „ „ 

If 32-45 be taken as the atomic weight of zinc, theq the 
formula of zinc chloride would have to be Znf 1 , that is it 
would consist of an atom of Z11 weighing 3 -* 45 > -tnd one of 
chlorine weighing 55-18. I.et 11s see what information can be 
gained by the application of Dulong and l’elits law. Die 
specific beat of zinc is 0-0952, and the average specific atomic 
heat is about 6 2. Calling the unknown atomic weight .v, then 
k know that 

0-0952 X .y = about 6'2 

and x s— --- * = fid-5 approximate atomic, weight of 

0-0932 

zinc. This number evidently does not agree with 32-45, but 
approximates to 3245 x 2 = 64-9. This latter number is 
1 ' ordingly taken as the atomic weight, and the formula of 
zinc chloride must be taken as ?.nCl : , 64-9 of zinc being in 
combination with 70-36 of chlorine. 
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(8) The crystalline form assumed by the com¬ 
pounds of the element, —The meaning of the term iso- 
morphisfn has already been explained as consisting of two sub¬ 
stances crystallising in one and the same form. For example, 
certain somewhat complex sulphates exist which are termed 
alums; the best known of these is represented by the formula 
A 1 K(S 0 1 ) 2 , 12 IT, 0 , or Aldv/SOJ^Stll/). Nowin this body 
the aluminium may he replaced by cither iron (Fe) or chromium 
(Cr), without altering the crystalline form of the body. The 
assumption is that the replacement is atom for atom, and the 
weight of iron, 55^9, which replaces the weight of aluminium 
present, 27'!, is taken as the atomic weight of iton. This 
agrees with the figure obtained by the application of Dulong 
and Petit’s law. The law of isomorphism, as discovered by 
Mitschcrlich, may be expressed thus:— Tiro atomic weight 
of an element is that quantity which can, without 
changing the crystalline form, replaco an atom of 
another element in a compound or series of compounds. 
This law is not, however, absolutely trustworthy, for totally 
different substances are known which crystallise in the same 
form, and closely analogous bodies exist which crystallise in 
different forms; further, even the same substance may be di¬ 
morphous. It is principally as a confirmatory test that this law 
of isomorphism is employed. 

83. Molecular weights.— It is impossible to determine 
with accuracy the molecular weights of any other compounds 
than those obtainable in the gaseous slate. Thus for zinc 
chloride we may write ZnCl 2 , and find that the composition 
thus expressed agrees with that determined by analysis of the 
body; but in-reality the formulae Zn 2 Ci 4 or Zn 3 Cl s would 
equally agree with the results of analysis. Molecular formulae 
of bodifcs only known in the solid state may be taken as 
representing the simplest possible formula of the compounds, 
but the molecules themselves may be multiples of these sim¬ 
plest formulae. The probability is that in very many instances 
they are such multiples. The principal guide to the selection 
of molecular formula: for these solid compounds is that of 
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analogy, Thus ferric and aluminic chlorides are volatile, and 
from their densities the molecular formulas of Fe 2 Cl 6 and 
A 1 .,C 1 0 are deduced. The chloride of chromium* is very 
similar in certain of its characters, and so is known by the 
formula Cr a Cl 6 . It is important, then, to remember that in 
our present state of knowledge the molecular formulae of solid 
bodies is provisional rather than absolute. 1 

The molecular weights of gases have been already explained 
in connection with Avogadro’s law ; it may, however, be well 
to definitely place on record that tho molooular weight of 
any gas is tho woight of £hat volume which occu¬ 
pies tho samo space as do two parts by woight of 
hydrogon. 

84. Absolute weight of Hydrogen. -Hydrogen being 
taken as the unit of density, its absolute weight is in many 
calculations a matter of much importance. As a result of most 
careful determinations it is found that 1 litre of hydrogen at 
the normal temperature and pressure weighs 0 08986 
gram, or 11 T 3 litres weigh 1 gram. From this the weight 
of any ol%r gas of known composition is easily deduced. 
The weight in grams of a litre of any gas is its density 
x 0 08986 ; and the number representing the density 
is identical with the weight in grams of iri 3 litres of 
the gas. 

85. Chemical calculations.— The laws governing the 
combination of substances by weight and volume being under¬ 
stood, most ordinary chemical calculations of percentages, 
quantities, &c., resolve themselves into arithmetic problems of 
the simplest nature. The readiest method of explaining these 
will be by the aid of a few examples. 

86. Formula from percentage composition.- 

Analytic results are usually expressed in percentages, and one 
'f the first calculations necessary is that required in order 

‘ See Q. 46, p. 451, as to the explanatlbn of Raoult’s Law and its bear* 
‘■'-I °n molecular formulae of solids. 


1 
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to deduce therefrom the simplest formula of a compound— 
in other words, its atomic composition. Let us take the 
following as an example. A body has, hy analysis, the following 
percentage composition ; required its formula 

Magnesium .... 3-98 

Calcium ..... 13*28 

Potassium . . 1299 

Sulphuric acid (SO,) . . 6377 

Water (FLO) .... 5 98 


On dividing each of the numbers representing the per¬ 
centage of the element present by its atomic weight, a series of 
numbers is obtained which are in the ratio of the number of 
atoms present of each element:— 

- 3 ' 9 * = 0-164 of Mg. 

24-18 D 

13-28 . 

„ = 0333 of Ca. 

39-8 

1299 

38-86 ™ °'334 °f K. 

63 ' 77 =.- o-668 of SO,. 

nr-'tr ’ 


17-88 - 0-334 of 11,0. 

The weights taken for the groups sulphuric acid, S 0 4 , and 
water, H., 0 , are the sums of those of the atoms present. An 
inspection of these numbers shows that they hear a very simple 
relationship to each other. On dividing each of the series hy 
the lowest number we have 


2 of H.,0. 


^ = I0fM 0 333 = 2 of Ca. = 2 of K. 

0-164 s 0-164 0 l(, 4 

o'668 r cn °’334 „ „r u n 

—= 4 of SO, . , = 2 of ICO. 

0-164 T 0164 

From these results the simplest possible formula becomes 
MgCa 1 K a (S0 ) ) 4 ,2H,O. 

At times the result of such calculation will not work out in 
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whole numbers; thus in’doducing the formula of nitrogen pent- 
oxide from its percentage composition the result obtained is 
1 of nitrogen to 2-5 of oxygen. 

As from the definition fractions of an atom arc impossi¬ 
bilities, this result must be doubled, and the obvious formula 
is N,0,„ In all cases where the calculated formula contains 
the fraction of an atom, the simplest multiple must lie taken 
which converts this fraction into a whole number. 

87. Percentage composition from formula. — At 

times this reverse operation to*that just described has to he 
performed. Thus felspar has the formula KAl,Si,,O s , or 
K.,ALSi, ; ( >„;; required its percentage composition. The weight 
of the molecule from the formula is 


K ... . 

38-86 

Al . . . . 

.2:6-90 

SI. 2 <S’2 X 3 

84-60 

O, 15-88 x 8 

127-04 

Molecular weight 

277-40 


From This it follows that 277"40 parts of felspar contain 
38'Sfi parts of potassium, and the number of parts in 100 is 
required. A series of ordinary calculations in simple propor¬ 
tion give the percentage composition 

As 277-40 : 100 :: jS-Sfi : 14-01 per cent, of K. 

„ 277-40 : 100 :: 26-90 : 970 „ „ „ Al. 

„ 277-40 : roo :: <84-60 : 30-50 „ „ ,, Si. 

„ 277-40 : 100 :: 127-04 : 45-79 „ „ „ O. 

100-00 • 

88 . Calculation of Quantities.-~To determine the 
quantities participating in any chemical change it is necessary 
first of all to be sufficiently familiar with the change itself to 
express the reaction by means of a chemical equation. All 
else is then perfectly simple. The following problem may be 
taken as an example :— ■ 

What weight in kilograms of zinc and sulphuric acid will 
yield hydrogen enough to fill a balloon ot 350 cubic metres 
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capacity at 15 0 C. and 735 mm pressure ; and what fraction - of 
the gas will escape when the balloon has reached an elevation 
where the barometer stands at 335""", supposing first the tem¬ 
perature to have remained constant, and secondly to have 
dropped to 5 0 C. ? 

The first step necessary is to find the weight of hydrogen 
required to fill the balloon, and to do this the volume must be 
reduced to normal temperature and pressure, which is done in 
the following manner:— 

~ 32o - 8 cubic metres. 

28S x 760 • J 

(This equation simply embodies the law that the volume is 
directly as the absolute temperature, and .inversely as the 
pressure.) 

The mlitre being ten decimetres, the cubic mbtre has a 
capacity of 1,000 litres, consequently m3 cubic metres of 
hydrogen at N.T.P. weigh 1 kilogram; and 

320*8 

= 28*8 kilograms of hydrogen required. 

According to the equation, 

Ho S O, 4 - Zn - Zn S C) 4 -f-ir ? 

*+ 3 '' s .i + 6 3 ' 5 J 6 4'9 tip |- 3 i- S3 + 63 - 52 2. 

97 M 5 ir,0-2 5 

That is to say, 97’35 parts of sul]ihuric acid, and f)4 - 9 of zinc 
yield 2 parts by weight of hydrogen; these quantities being the 
molecular weights of the bodies participating in the change. 
Then, 

As 2 : 28'£ :: 97’35 : i4or - S4 kilograms of sulphuric acid 

required; 

As*2 : 28 - 8 :: 64^9 : 9i4 - 69 kilograms of zinc required. 

We next have to deal with the fraction which has escaped; 
in the first place, the gas will have expanded inversely as the 
pressure,— 

ocq X 7K » 

---- = 767 metres at 333 mm. 



H7 


Atomic Weight Calculations 

Of these 767 — 350=417 metres, or of the original quantity 

767 

of gas must have escaped. 

The expansion in the second case is found thus:— 

35° *735 2 78 _ y metres at 335"““, and 5 0 C. 
335x288 

Of these 749 — 350 = 399 metres, or 325 0 f the original 

749 

quantity of gas must have escaped. 

The above represents a particularly involved calculation of 
quantities. Again, let it be repeated that it is first necessary 
to know the chemical equation representing the change that 
occurs. Then the relative weights of each substance partici¬ 
pating therein mhy be obtained from the atomic weights, and 
the relation between volume and weight of gases from their 
densities. If the foregoing explanations have been clearly 
grasped, there should be no difficulty in making any of the 
quantity calculations arising from ordinary chemical work. 

89. Gaseous volumes— The following is a slightly 

different type of calculations, in which gaseous volumes are 
involved.. 

What volume of carbon dioxide must be passed over red- 
hot charcoal to yield 159 litres of carbon monoxide? 

First giving the equation by which the action is repre¬ 
sented,— 

CO, + C = SCO. 

Carbon Carbon. Carbon 

dioxide. monoxide. 

In this reaction, one molecule of carbon dioxide is converted 
into two molecules of carbon monoxide; and as the gaseous 
volume is in direct proportion to the number gf molecules, one 
volume of carbon dioxide yields two volumes of the monoxide; 
and 

as 2 : i:: 159 ; 79-5 litres of carbon dioxide required. 

90. Atomic weight calculations.— The following is 
an instance of calculations of this type. 

Pure carbon monoxide is passed over red-hot copper oxide; 
the residual metal and the carbon dioxide formed are weighed; 
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in one experiment 24-360 grams of oxygen were lost and 67’003 
grams of carbon dioxide were obtained. From this calculate 
the atomic weight of carbon (0=15-88). 

Assuming that by other means it has been ascertained that 
the chemical change referred to is represented by the following 
equation, 

CO + CuO = C 0 2 + Cu. 

Carbon Copper Carbon Copper, 

monoxide. Oxide. dioxide. 

then it is evident that 

67003 — 24360 = 42643 

Wt. of CO,. Wt. if O. Wt. of CO. 

and as C 0 2 contains double as much oxygen as CO, then 

42643 — 24-360 = 18-283 

Wl. of CO. Wi.ofO. Wt. ore. 

Therefore carbon monoxide consists of 24-360 of oxygen to 
18-283 of carbon ; and as it is also assumed that it contains 
an atom of each element, and that the atomic weight of oxygen 
is 15-88, then 

as 24-360 : 15-1)6:: 18-283 : 11-91 =atomie weight of carbon. 

I 

91. Calculations based on Gaseous diffusion.— As 
an example .of calculations of this type, the following is ap¬ 
pended 

How can the density of a gas be determined from its rate 
of diffusion ? If a gas diffuses 1-0143 times as rapidly as air, 
what is its density ? 

The rate of gaseous diffusion being inversely as the square 
root of the density, the density must of necessity be inversely 
as the square of the rate of diffusion. In terms of hydrogen 
the density of ainis 14‘393, and therefore 
as 1-0143'-: 1*:: i4'47 : *3'y9 = density of gas in question. 
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CHAPTER Vll 

NOMENCLATURE J ACIDS AND ALKALIES', ETC. 

92. Names of Metals.— Thenames given to the elements 
are, as a rule, in no way connected with their properties : the 
only attempt at system is that the termination um is restricted 
to the metals. Selenium and tellurium, however, are excep¬ 
tions, as, when discovered, the/ were supposed to be metallic 
elements. It has been proposed to change the names to 
selenion and tellurion ; this has not, however, met with general 
acceptance. 

93. Binary Compounds—Bodies which contain only 
two elements are called binary compounds. Their names are 
fixed by rule ; but in the case of the more well-known com¬ 
pounds, the old or ‘ trivial ’ names are almost always used; no 
one would think, for example, of calling water hydrogen mon¬ 
oxide. 'JJlie name of a body should, as far as possible, indicate 
its composition; this end is attained by making the name of 
a binary compound consist of derivatives of the names of the 
two elements. There arc unfortunately several modifications 
of each name, different chemists using different methods of 
nomenclature. The student must make himself familiar with 
the whole, as, in the course of reading, he is sure to meet with 
the same body under names different from one another. Very 
little practice is, however, sufficient to overcome this difficulty. 

The most frequently occurring binary compounds are those 
composed of a metal and non-metal; the nanlfe of the metal is 
first written, and one or more syllables being removed the 
termination ide is added to the name of the non-metal. The 
compound of copper and oxygen is thus called copper oxide ; 
that of copper and sulphur, copper sulphide, and so on for other 
compounds. These names are sometimes written oxide oj 
copper and sulphide of copper respectively. Another plan con¬ 
sists of changing the Latin name of the metal into an adjective 
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by substituting ic for its last syllabi/; the above names thus 
become cupric oxide and sulphide. 

We frequently find that more than one compound of the 
same elements is known ; it then becomes necessary to use 
names which shall discriminate the one from the other. Oxygen 
and copper combine in two different proportions, represented 
by the formulae CuO and Cu . 2 0 ; the name oxide is common 
to both, but the second is called cuprow oxide. The termina¬ 
tion ous is applied to the compound containing the lower pro¬ 
portion of oxygen or other non-metallic element. Where there 
are two or more atoms of the yietalloid present in a compound, 
the distinction is marked by the use of a prefix to the second 
name indicating the number. The two oxides of barium, BaO 
and Ba0 2 , arc thus known respectively as barium monoxide and 
dioxide. Occasionally the prefixes proto and per are attached 
to the second name; proto to the compound in which the 
lower proportion of the non-metallic element occurs, per to 
that containing the higher: barium monoxide and dioxide 
become barium protoxide and peroxide. There is one series 
of oxides in which there are two atoms of the metal to three of 
oxygen, as Fe 2 0 ; ,; these arc sometimes termed sesquioxides : 
the name is, however, dying out. Where there are several 
binary conqxiunds of the same elements, or where the molecule 
is a complex one, the number of atoms of each element is in¬ 
dicated by a prefix thus, triferric tetroxide, Fe 3 0 .,. In binary 
compounds among the non-metals, the termination ide is usually 
given in preference to oxygen, chlorine, and sulphur; thus we 
have carbon oxides and sulphides, phosphorus chlorides, and 
chlorine oxides. 

94. Ternary and Higher Compounds.— The name 
‘ternary’ is applied to those compounds containing three 
elements. Among the compounds higher than the binary 
series are those formed by the union of water with oxides, 
thus forming acids, and hydrates (hydroxides), and derivatives 
of these bodies. 

The oxides soluble in waiter have already been classified 
into those capable of turning a solution of litmus red, and 
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* Definition of Acids 

others which possess the*property of restoring to the reddened 
solution its blue colour. Based on this reaction is a division 
of the various oxides into two important classes, to which 
attention must now be directed. 

95. Acids.—The name acid is a familiar one, because 
it is continually applied in every-day parlance to everything 
which is sour. A number of bodies possess this distinction 
in common; to the chemist the sourness of an acid is but 
an accidental property, as, according to his definition of these 
bodies, substances are included as acids that are not sour to 
the taste. An acid may bo defined as a body containing 
hydrogen, which hydrogen may bo replaced by a metal 
(or group of oloments equivalent to a metal) when 
presented to it in the form of an oxide or hydrate 
(hydroxide). 

As a class, the acids are sour; they are also active chemical 
agents. Most acids are characterised by the property of 
clianging the colour of a solution of litmus, a naturally blue 
body, to a red tint. This, as the student has just been 
reminded, is one of the properties of the solution of certain 
oxides in water. In these instances chemical union occurs 
between the oxide and water, resulting in the production of 
an acid as a distinct chemical compound; thus the addition of 
water to sulphur trioxide produces sulphuric acid :— 

S 0 3 + H 2 0 = H,S 0 4 . 

Sulphur trioxide. Water. Sulphuric acid. 

Oxygen is a constituent of most adds, the members of this 
group Iteing distinguished as ‘ oxy-acids.’ The oxides, which 
by union with water form acids, are termed anhydrides, or 
anhydrous acids. They are in most cases non-fnelallic oxides, 
but sometimes consist of metals combined with a comparatively 
large number of atoms of oxygen. There are a few acids !n which 
oxygen is absent: these are termed 1 hydr-acids ’: hydrochloric 
acid, HC 1 , is an example of this class. According to the 
definition given (which is accepted by the great majority of 
chemists), hydrogen is an essential constituent of all acids. 
It should, however, be mentioned that some chemists apply 
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the term acid to what are here termed anhydrides; consequently 
C 0 3 (carbon dioxide, or carbonic anhydride) is sometimes 
described as carbonic acid gas. This name is now, however, 
being replaced by that more in accordance with the theories of 
modern chemical science. 

96. Bases and Alkalies. —The oxides which, when 
dissolved in water, restore the blue colour to reddened litmus 
are called alkalies : they form a subdivision of a larger class of 
oxides, the whole of which combine readily with acids, and are 
known as bases. 

A base is a compound, fcsuully an oxide, or hydrate, 
of a metal (or group of olemonts equivalent to a metal), 
which metal (or group of elements) is capable of re¬ 
placing the hydrogen of an acid when the two are 
placod in contact. The greater number of metallic oxides 
are bases. Bases, as well as acids, differ considerably in their 
chemical activity. As already mentioned, certain bases which 
dissolve in water are termed alkalies. 

An alkali is a base of a spooially active character, 
solublo in water, to which it imparts a soapy taste and 
touch. Alkalies restore the blue colour to reddcftcd litmus. 
The principal alkalies are sodium hydrate, NaHO, and 
potassium hydrate, KIIO. A solution of ammonia gas in 
water is also alkaline, and is often termed ammonium hydrate. 

Paper tinted yellow with turmeric is also used as a test for 
alkalies, which give the paper a reddish-brown hue. 

The hydrates are mostly compounds of metallic oxides 
with water; they are sometimes termed hydroxides, or hydrated 
oxides. Their formation is represented by the following equa 
tions:— 


Na/J 

+ 

H s O 

= 2 NaHO. 

Sodium oxide. 



Sodium hydrate. 

• CaO 

+ 

H a O 

= CaH a 0 2 . 

Calcium oxide. 



Calcium hydrate. 


97. Salts.—When an acid and base react on each 
other, the body produced by the replacement of the 
hydrogen of the aoid by the metal of the base is termed 
a salt. Water is also formed during the reaction. The 
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action of the stronger afids and bases on each other is very 
violent; the resultant salts are usually without action on litmus. 
This is, however, not always the case; for when a strbng acid 
combines with a weak base, the salt is acid to litmus: nitrate 
of mercury is an example. When the base is a strong one and 
the acid weak, as in sodium carbonate, the salt has an alkaline 
reaction. Litmus is itself a salt of a vegetable acid and base 
possessing a blue colour. An acid, when added, displaces the 
weak vegetable one, and forms a salt with the base; the litmus 
acid, being red, gives the solution a red lint. On adding a 
base it combines with the acid ; tjie litmus acid and base being 
liberated again unite, with the restoration of the blue colour. 
The following are instances of the formation of salts by the 
union of acids and’ bases :— 


HCI 

+ 

NaliO 

= NaCl + 

If 2 0 . 

Hydrochloric acid. 

Sodium hydrate. 

Sodium chloride. 

Water. 

1 I 2 S 0 ., 

+ 

CaO 

= CaSO, + 

HjO. 

Sulphuric acid. 


Calcium oxide 
(quicklime). 

Calcium sulphate. 

Water. 

HCI 

+ 

NH ,110 

= N 1 I.C 1 + 

11,0. 

Hydiochlutic at. hi 

• 

i. 

Ammonium hydrate. 

Ammonium chloride. 

Water. 


The acids are sometimes termed salts of hydrogen ; thus 
sulphuric acid would be called hydrogen sulphate. 

98. Names of Acids and Salts.— The names of acids 
are derived from those of their principal constituents by 
changing them into adjectives ending in is; thus from sulphur 
we have sulphuric acid, and from nitrogen, nitric acid. The 
hydracids are distinguished by the prefix hydro, as hydrochloric 
acid. The names of the corresponding salts are derived from 
the same root by adding ate ; the salts of sulptyiric and nitric 
acids are respectively sulphates and nitrates. 

When an element forms two oxides, both of whicji unite 
with water to form acids, the acid containing the higher propor¬ 
tion of oxygen receives the name ending in ic ; for the other 
the termination ous is substituted. There are, for instance, two 
oxides of sulphur, SO a and S 0 3 : these are teimed— 

SO, Sulphurous anhydride. S 0 3 Sulphuric anhydride. 
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Boll; combine with water, beaming— 


so 2 + 

HjO' 

= H 2 S0 3 . 

Sulphurous anhydride. 

Water. 

Sulphurous acid. 

S0 3 + 

h 2 o 

= HjS0 4 . 

Sulphuric anhydride. 

Water. 

Sulphuric acid. 


The salts of an acid whose name ends in ous have the 
termination ite 

1 I 2 S 0 3 + 2 NaHO = Na 2 S 0 3 + 21 I 2 0 . 

Sulphurous acid. Sodium sulphite. 

In describing the basic component of a salt, the simplest 
method is to mention the name, as potassium sulphate. At 
times it is convenient to chinge this into the adjective form. 
When this is done, the same termination is used as is applied 
to the base itself; thus, salts formed by thq action of mercuric 
oxide (HgO) on acids are called mercuric salts ; those from 
mercurous oxide (Hg.O), mercurous salts 

HgO + 2 HC 1 = HgClj + II 2 0 . 

Mercuric oxide. Hydrochloric acid. Mercuric chloride- 

H gj O + 2 HC 1 = Hg,Clj + H 2 0 . 

Mercurous oxide. Hydrochloric acid. Mercurous chloride. 

The salts of the hydraeids, being binary compounds, have 
names ending in ide. 

CHAPTER VIII 

QU ANTI VALENCE AND BASICITY 

99. Quantivalence.— Remembering that the only ab¬ 
solute method of determining the molecular constitution of 
bodies is by an investigation of their densities in the gaseous 
state, the following table is exceedingly instructive— 

Column No. f gives the name. 

„ II. The formula corresponding to the observed 

* density. 

„ III. The molecular weight as deduced from the for¬ 
mula ; that is, the sum of all the atomic weights. 

„ IV. The density as calculated from the molecular 
weight, being J mol. wl. 

V. The density as determined experimentally. 
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1. 

Name 


* 


I. 

Hydrofluoric acid . 
Hydrochloric acid . 
Ilydrobromic acid , 
Hydriodic acid 
huline inonochloridc 
Mercurous chloride 
Mercurous bromide 

II. 

Water . 

Sulphuretted hydrogen 
Cadmium bromide. 
Lead chloride 
Mercuric chloride 
Mercuric bromide 
Mercuric iodide 

III. 

Boron fluoride 
Boron chloride 
Boron bromide 
Ammonia 
Phosphine . 

Phosphorous chloride 
Arscniuretted hydrogen 
Arsenious chloride. 
Arsenious iodide . 
Antimony chloride. 
Bismuth chloride . 

IV. 

Marsh gas 

Carbon tctrachloiidc 
Silicon fluoride 
Silicon chloride 
Silicon iodide 
Vanadium chloride 
Stannic chloride . 

V. 

Phosphorus fluoride 
Molybdenum chloride 
Tungsten pentachloride 

VI. 

Tungsten hexachloride 


H. 

Formula 


HF 

I f Cl 

II Ur 

III 
I Cl 

n E a 

IlgBr 


01% 

SIT, 

CdlJr, 

1*1)0, 

»8CI, 

HgUr, 

Hgl, 


BK, 

BClj 

ISHr. 

NH, 

I’H, 

PCI, 

A»H, 

AsCI, 

AsT, 

si,a, 

HiCL 


cir, 

(XI, 

■si i', 

KiCI, 

Sil, 

va, 

S11CI, 


PF. 

MoClj 

WoClj 


Wo£l, 


III. 

Molecular 

Weight 


I 9’9 
36-lS 
, 80-36 
!26'90 
l6roS 
233-68 
277-86 


1788 

33'83 

270-32 

275-71 

26886 

3S7' 22 

45°'3 


67’6 
116-44 
248-98 

1693 

337 

13624 

77'4 
179-92 
«I 7 
224-84 
3 ' 2'44 


*5"9* 

iS=6,i 

103-8 

168-92 

53i‘8 

191-52 

268-82 


125-27 

271-2 

358-5 


393'68 


IV. 

Calc;!. 

Density 

V. 

Observe 
, Density 

9'95 

1 

l 8 0 <) 

17-99 

40'l8 

39-10 

63-45 

64-07 

80-54 

— 

i16-84 

120*49 

*38-93 

146-31 

8 '94 

8-9.8 

16*91 

17-18 

135-16 

133'67 

>37-85 

137-08 

>34-43 

141-41 

17861 

175-47 

225-1 

233-76 

33-8 

33'33 

58-22 

58-00 

I 24 M 9 

126-69 

8-46 

8-61 

16-85 

17-03 

68-12 

70-42 

3 S -7 

3SS1 

89-07 

OI-OI 

? 25'85 

232-32 

112-42 

i' 2-55 

156-22 

163-78 

7’95 

8-o; 

76-S8 

7691 

5*'9 

5 i- 5 ' 

84-46 

8571 

265-9 

27561 

? 5'76 

96 53 

129 - 4 I 

132-95 

• 

62-63 

— 

I 35'6 

*36-51 

' 79-25 

183-26 

19684 

I 9 0 -47 


1 Atatemperature of 30° C. the density is about 20, which corresponds 
to a molecular formula of II t F„ but at loo 0 the density is 10-05. 
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An inspection of this table shows*that first we have a group 
of molecules containing one atom only of each element, and 
representing therefore the simplest compounds possible. The 
elements, H, F, Cl, Br, and I are distinguished by this property 
of having their combining power in the gaseous molecule 
exhausted as soon as one of their atoms has combined with 
one atom of any other element. In the second class we have a 
series of elements, whose single atoms combine with two atoms 
of members of the first group. In the third group we have 
elements combining with three such atoms, while in the fourth, 
fifth, and sixth, they combinf respectively with four, five, and 
six first group atoms. The elements studied in the preceding 
table, at least, have different values of atom-combining power. 
The measure of the number of atoms of other elements, 
with which one atom of each element can combine, is 
termed Quantivalence, or Atomicity. 

The quantivalence of each member of the first group is ' 
one in the particular compounds there given, and hence such 
elements are styled ' monovalent or monads.’ The following 
nomenclature has been proposed to distinguish the various 
groups:— 

Croup I. Monovalent or Monads. 

„ II. Divalent „ Dyads. 

„ III. Trivalcnt „ Triads. 

„ IV. Tctravalcnt „ Tetrads. 

„ V. Pentavalent „ Pentads. 

„ VI. Hexavalent „ Hexads. 


Examination of such a scries of compounds as that we 
have been studying shows that a definite relation exists 
between the quantivalence of an element and its chemical 
equivalent and atomic weight. The quantivalence of an 
atom lepresents the number of times the equivalent 
weight of the element is contained in its atomio weight. 
Thus the atomic weight and equivalent of oxygen are respec¬ 
tively 15 88 and 7 '94; and 


*.SJ8 

7'94 


= 2, which is the quantivalence of oxygen. 
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100 . Graphic Notation.— The exact nature of the force 
fay which the atoms of elements are bound together to form a 
compound is unknown to us; but wc see that we c 3 n attach 
a numerical value to such connecting or linking power of each 
atom. Thus the atom of hydrogen has its combining capacity 
exhausted when it has united with one atom of another ele¬ 
ment : tungsten, on the other hand, does not suffer similar 
exhaustion until united directly with six atoms of some other 
element. This linking power is expressed graphically by 
attaching to the symbol of the clement a number of lines 
each representing one link or unit of valency (atom-combining 
power). The following are examples of such graphic sym¬ 
bols :— 


H— 

Cl- 

-0- 

—B - 

Hydrogen. 

Chlorine. 

Oxygen. 

Boron. 

\ / 

\ / 

\ / 

c 

p 

—Wo~ 

/ \ 

/l\ 

/ \ 

Carbon. 

Phosphorus. 

Tungsten. 


Adopting this system of notation it is an easy step forward 
to represent compounds by what are termed graphic formula;, 
that is, formula; in which the valency of each atom is shown 
by these graphic representations of lines, and the probable 
mode of linking in the various compounds by the disposition 
of these lines between the atoms. Thus we have the following 
examples of graphic formula;;— 

Hydrochloric acid, 

Water, 

Boron chloride, 


Carbon hydride (marsh gas), 


H—Cl 
H-O-H 
Cl—B—Cl 


Cl 

H \ c / H 

H/ \h 

C1 \ / C 

ci/ | \ci 

Cl 


Molybdenum chloride, 
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, Tungsten hexachloride, 


Cl Cl 

\ / 

ci_wo--ci 

/ \ 

Cl Cl 


Graphic formulae are explained at this stage because of the 
assistance they will render in the following paragraphs. One 
word of caution is perhaps necessary : the lines in graphic 
formulae arc only intended to indicate the number and dis¬ 
position of the valencies of each atom. They must not be 
viewed as any representation of the actual position physically 
of the atoms in regard to eaefi other. Thus tungsten chloride 
may be represented by either 


Cl Cl 

\ / 

Cl—Wo—Cl 

/ \ 

Cl Cl 


or 


Cl\ /Cl 
Cl-Wo-Cl 
Cl/ \C 1 


The position and length of the links is merely a matter of 
convenience at the time of writing the formula. 

ioi. Variable Quantivalence. — Examination of the 
table in the last but one paragraph shows that different 
elements appear in more than one class ; thus mercury forms 
two chlorides and bromides, being a monad in the one scries 
and a dyad in the other. Tungsten also forms two distinct 
chlorides, in which it is pcntavalent and hexavalcnt respectively. 
We therefore see that the number of atoms of other elements 
with which the atom of one element combines is not absolutely 
constant. The question arises whether in such different com¬ 
pounds the actual valency or quantivalence of the clement 
has changed, oj that the valency is in the one case unsatisfied. 
Thus, taking the two mercury chlorides, must the graphic 
formula; be written— 

Hg—Cl and Cl-Hg-Cl 
or 

—Hg—Cl and Cl-Hg-Cl? 

As a result of investigations of such series of compounds, 
abundant evidence has been accumulated which shows that in 
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cases where an element has different valencies in different 
compounds, in the lower members of such series an unsatisfied 
valency exists. This is exhibited by the ease with which the 
compound assimilates additional atoms by which its normal or 
higher valency is fully engaged. It is perfectly competent 
for an element to form a compound in which a portion 
of its valency remains unsatisfied, but such compounds 
usually combine readily with additional atoms. 

An inspection of our table, page 125, shows that the valency 
of an element is usually the same by whichever of the monad 
elements it may be measured. IJpr example, whether H,C 1 , or 
Br be taken as the unit, we find that combination is with the 
same number of atoms of each ; thus we have, BF 3 and 
BClj; PH 3 and PCI-,; CH 4 and CC 1 4 . 

The next question is whether elements exhibit the same 
valency towards a dyad as a monad element; thus should the 
divalency of an oxygen atom be equally satisfied with the di¬ 
valency of another dyad atom, as it is with the valencies of two 
monad atoms? Before answering this question it will be well 
to give a table of such compounds, containing polyvalent atoms, 
as have hacf their molecular weight satisfactorily determined. 


I. 

Name 

II. 

Formula 

III. 

Molecular 

Weight 

IV. 

Calcd. 

Density 

V. 

Observed 

Density 

I. 

Carbon monoxide . , . 

Nitric oxide .... 

CO 

NO 

2779 

29-81 

13-80 

13*96 

15 00 

a 

Nitrogen peroxide . 

Nitrous oxide 

Sulphur dioxide . 

Selenium dioxide . 

Carbon dioxide . . , 

Carbon disulphide . , 

NO, 

ON, 

SO, 

SeO, 

CO. 

CS, 

4569 

4374 

63-59 

110-36 

43-67 

75-57 

22\Sj 

2r87 

55 -'S 

2183 

3778 

22-94 

21- 93 
32-40 
SS-I 5 

22- 07 
*38-09 

III. 

Sulphur trioxide . , , 

SO, 

79-47 

39’73 

43'43 

IV. 

Osmic anhydride . , 

OsO,’ 

253-12 

I26’56 

I28-42 

_I 


K 
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Examining this table we find that carbon combines with 
two atoms of oxygen and of sulphur as against four of hydrogen 
or chlorine, a fact expressed in the following graphic formulae: 


H \ c / H 

H/ \H 

C1 \ r / C1 
Cl/ \ci 


o=c=o. 


s=c=s. 


So far it would seem that the tetravalent atom of carbon 
has its valencies equally satisfied with either four atoms of a 
monad or two of a dyad ; but there is not the same uniformity 
throughout, three gaseous compounds of nitrogen with oxygen 
are given and in no case does the valency agree with that of 
nitrogen in its compound with hydrogen, NH 3 (ammonia). 
Indicating the valencies by graphic formulae we have 


H-N-H 

I 

H 

-N =0 —O—N =0 =N—O—N= 


In each of the three cases, there are unsatisfied links, and 
in that of N 0 2 , in which nitrogen figures as a triad, there is one 
oxygen link uncombined. According to its hydrogen valency, 
nitrogen should combine with oxygen in the proportion of one 
atom of nitrogen to one and a half of oxygen (in whole numbers, 
2 to 3), whereas in this particular compound the proportion is 
one to two. 

Apart from irregularities of the kind just described, examina¬ 
tion shows that a number of elements have greater relative 
combining powers with oxygen than with hydrogen or the 
monads. Thus nitrogen combines with three atoms of 
hydrogen, and with two atoms of oxygen. Sulphur and 
selenium each combine with two atoms of hydrogen, forming 
respectively SH 2 and SeH a : but with oxygen they produce 
the following compounds, in which sulphur and selenium must 
be represented as possessing a much higher valency—sulphur 
dioxide, S 0 2 ; sulphur trioxide, S 0 3 ; and selenium dioxide, 
SeOj. Further investigation would show that several other 
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elements have a higher illative combining power with oxygen 
than with the monad hydrogen. 

In the compounds of the positive elements, hydrftgen and 
the metals, with such strongly negative elements as the chlorine 
and sulphur groups, there is not a single example of chlorine, 
bromine, or iodine acting otherwise than as monad elements, 
while sulphur, selenium, and tellurium are throughout divalent.. 
On the other hand, chlorine, bromine, and iodine are poly¬ 
valent, and probably heptavalent to negative elements such as 
oxygen. Further, as in the compounds previously cited, 
sulphur and selenium are hexavqjent to oxygen. 

This second table affords further examples of compounds 
which possess unsatisfied atom-combining power, and which 
enter very readily' into combination with other atoms. Very 
striking among these is carbon monoxide, which readily combines 
not only with oxygen, but also with chlorine and other bodies i 

Ck 

=0=0 o=c=o ,c=o 

ci/ 

Carbon monoxide. Carbon dioxide. Phosgene gas. 

102. Quantivalence in Solid Molecules.— There is 
considerable difficulty in determining the quantivalence of 
elements from their solid compounds, because we have at 
present no certain knowledge of the constitution of such mole¬ 
cules. There are compounds which form gaseous and solid 
allotropic modifications, due probably entirely to the greater 
molecular weight in the solid form. Thus in the preparation 
of cyanogen gas, C 2 N 2 . a brown powder is formed, having the 
same percentage composition as cyanogen. This brown powder, 
paracyanogen, is capable of being volatilised when heated in a 
current of carbon dioxide or nitrogen ; and is thus converted 
into cyanogen gas, by a chemical change which may thus be 
represented:— • 

C x N, = * C 2 Nj 

2 

Paracyanogen. Cyanogen. 

In other words the complex solid molecule splits up into a 
number of simpler gaseous molecules. This is not merely an 
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isolated instance, for abundant evidefice exists to show that the 
molecules of gaseous bodies are frequently different in com¬ 
position Ho those of the same compounds in the liquid or solid 
state. But, so far as we know, the molecular weight of a com¬ 
pound when solid may be more, but it is never less than is the 
weight of a gaseous molecule of the same body. 

In ascribing molecular formulae to solid bodies, it is 
customary to assume that when atoms of different elements 
replace each other, the type of the formula remains constant 
whether the body be gaseous or solid. This is convenient, but 
it must be remembered that.the custom is in many instances 
purely arbitrary and has no actual experimental foundation. 
To make this clear by example, we know HCl to be the formula 
of hydrochloric acid, and that an atom of' sodium and other 
metals replaces the hydrogen in primary chlorides ; it is 
assumed that these chlorides have the same typical formulae— 
H—Cl Na—Cl K—Cl Ag—Cl &c. 

These elements—sodium, potassium, and silver—are conse¬ 
quently assumed to be monads. 

In the same way other elements, as zinc, barium, &c., com¬ 
bine with two atoms of chlorine and form chlorides, to which 
the following formula; have been assigned :— 

Cl—Zn-Cl Cl-Ba—Cl. 

Iron and copper are examples of bodies which form mote 
than one chloride. Thus of iron we have the chlorides repre¬ 
sented by the two formulae FeClj and FeCl 3 while the copper 
chlorides are CuCl and CuCl a . These are the simplest pos¬ 
sible formula in each case, and would lead us to assume that 
for chlorine, iron has a maximum valency of III. But ferric 
chloride (the higher of the two) is one of those compounds 
which has had its density determined in the gaseous state, and 
this simplest possible formula requires to be doubled. Accord¬ 
ingly the molecule of ferric chloride is represented by Fe a Cl 6 . 
As the two iron atoms must be united by at least one link of 
valency, we have, as the simplest possible graphic formula, 
CK‘ /Cl 

Cl-Fe—Fe-Cl 
Cl/ \C 1 
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in which iron, is assumed to be a tetrad. Throughout the 
whole group of ferric compounds it is assumed that the mole¬ 
cule contains two iron atoms linked together, anj having 
between them a total valency of VI. 

Our attention must next be turned to the lower chloride, 
represented by the simplest formula FeCl,. Now unless there 
is decisive evidence to the contrary, it is fair to assume that a 
compound does not contain unsaturated valencies, and Fe Cl a 
shows two links unsatisfied, 


=Fe 


/Cl 

'MX 


If the formula be doubled, we have Fe 2 Cl„ and the graphic 
formula, 


Cl- 

Cl/ 


\ / 

N Fe=F / 


Cl 


\ci. 


in which the tetravalence of iron is satisfied. Again if FeCI 2 
be taken as the formula of the lower chloride, we have the 
amalgamation of two of the simpler molecules with two addi¬ 
tional atom; of chlorine to form the higher chloride thus, 
2 FeClj + Cl, = Fe 2 Cl„ 

Ferrous chloride. Chlorine. Ferric chloride. 

This is unlikely because the higher body is the more stable, 
and usually of compounds of the same elements those are 
more stable which contain the least number of atoms. It is 
more likely that ferrous chloride is represented by even higher 
multiples of FeCl 2 , as Fe,Cl, or Fe,Cl s . Notwithstanding this, 
ferrous chloride is almost invariably written FeClj; it must 
bo remembered that for the great majority of solid 
compounds, the formulm commonly employed are not 
necessarily true molecular formul®. 

The copper chlorides are generally represented by the 
formulae Cu,Cl, and CuCl„ 

Cl—Cu—Cu—Cl and Cl-Cu-Cl, 
in this case the probability is greater that the formul® correctly 
represent the molecules. • 

It will be seen that the valency of elements which only 
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form solid compounds is difficult to determine, because, as has 
been insisted on, of the uncertainty of the actual molecular 
constitution of such compounds ; but in the table given on page 
129 the probable maximum valency of the elements has been 
inserted. It must, however, be remembered that these numbers 
are not in every case capable of direct verification; neither do 
they of necessity represent the valency of the elements in all 
their compounds. 

103. Odd and even Valencies.—Examination of a 
number of series of compounds shows that in many instances 
the active valency of an element increases or diminishes by 
two. Thus we have carbon monoxide, CO, and carbon dioxide, 
COj; phosphorus chloride, PC 1 3 , and phosphorus fluoride, 
PF 6 . Making use of graphic formulae, the free or unsaturated 
valencies of the lower compounds of these two pairs are repre¬ 
sented by 

/ C1 

=C =0 and =P—Cl 

\C 1 

It has been assumed that in such cases the unid of valency- 
combine with each other in pairs, and so become latent. Under 
this hypothesis the active valency of an element must be re¬ 
presented by either an even or an odd number, and accordingly 
the elements have been divided into pcrissads whose valency is 
odd, and those having even valencies, which are termed artiads. 
This classification has, however, dropped into disuse, because 
in the first place the number of free valencies in unsaturated 
compounds is not always represented by an even number 
(tungsten, for instance, is both perissad and artiad in its 
chlorides); secondly, there is not sufficient proof that such 
union between the valency links does take place. The frequency 
with whiA active valency increases or diminishes by two may 
be partly accounted for by the fact that oxygen and some other 
of the most commonly occurring elements are dyads. When¬ 
ever a single atom of an element forms two or more oxides 
the valency must increase dr diminish by two ; thus we have 
barium oxide and peroxide, lead oxide and peroxide, and sulphur 
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dioxide and trioxide, all of which are examples of the case in 
point. 

Ba =0 and 0 =Ba =0 

l’b=0 „ 0=Pb=0 

0 =S =0 „ 0 =S =0 

l 

The above graphic formulae show the increase in valency in 
each of the pairs of compounds. 

The importance of the doctrine of quantivalence has led 
to its having been here somewhat fully treated ; and in order 
that a proper estimate be gained of its position in theoretical 
chemistry, the student’s attention has been also directed to its 
limitations and bounds. For this there is every necessity, in 
the face of Meyer’s warning that the young generation is in¬ 
clined to treat chemistry dogmatically, ‘ especially the doctrines 
of the chemical equivalence of the elements and the linking of 
atoms.’ 

104. Basicity of Acids.— In the formation of salts, the 
hydrogen di an acid is replaced by a metal. Hydrogen, being 
monovalent, is replaced by different metals in proportions 
varying according to their valency. The valency of the dis¬ 
placing metals must be equal to that of the total number of 
atoms of hydrogen displaced. Thus a monad metal will replace 
one atom of hydrogen ; a dyad, two atoms, and so on. The 
quantity of a base required to form a salt with an 
acid depends on the number of atoms of hydrogen pre¬ 
sent capable of replacement by the base j the measure 
of this quantity is termed the ‘basicity’ of the acid. 
Those acids containing but one atom of replaceable hydrogen 
are termed monobasic, those with two and three such atoms 
are known respectively as dibasic and tribasic acids. 0 

A monobasic acid requires one atom of a monad metal to 
form a salt, while with a dyad metal, two molecules of the acid 
are necessary. In every case such number of molecules of acid 
and atoms of metal must be taken* as will give the same total 
valency of replaced hydrogen atoms as that of the replacing 
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metal. In the following table typical examples are given of the 


formation of salts :— 






Monobasic Acid. 



hno 3 

+ 

NaHO 

= NaN0 3 


h 2 o. 

Nitric acid. 


Sodium hydrate. 

Sodium nitrate. 


Water. 

2HN0 3 

+ 

CaH 2 0 2 

= Ca(NO : ,) 2 

+ 

2H 2 0. 



Calcium hydrate. 

Calcium nitrate. 



3HNO, 

+ 

BiH 3 0 3 

= Bi(N0 3 ), 

+ 

3H s O. 



Bismuth hydrate. 

Bismuth nitrate. 





Dibasic Acid. 



h 2 so, 

+ 

2NaHO 

= Na 2 S0 4 

+ 

2H 2 0. 

Sulphuric acid. 



Sodium sulphate. 



H*SO, 

+ 

Cali 2 0 2 

= CaS0 4 * 

+ 

2 H 2 0 . 




Calcium sulphate. 



3H 2 S0 4 

+ 

2BiHjO, 

= Bi 2 (S0 4 ) 3 

+ 

gh 2 o. 




Bismuth sulphate. 





Trihasic Acid. 



h,po 4 

+ 

3NaIIO 

= Na 3 P0 4 

+ 

3H 2 0. 

Phosphoric acid. 


Sodium phosphate. 


2 H 3 PO 4 

+ 

3CaH 2 0 2 

= Ca 3 (PO , ) ) 2 

+« 

1 gh 2 o. 




Calcium phosphate. 



h,po 4 

+ 

BiII 3 03 

= BiP0 4 

+ 

3H 2 0. 




Bismuth phosphate. 




105. Acid, Normal, and Basic Salts.— Salts such as 
those whose formulae are given in the preceding table are 
termed normal salts. A normal salt may be defined as 
that produced by the replacement of the hydrogen of 
the acid by its valency equivalent of a metal, or group 
of elements functioning as a metal, in a base. 

In the case of those acids which contain more than one 
atom of replaceable hydrogen, a portion only of such hydrogen 
is sometimes replaced; the result is a salt still possessing an 
acid character. An 1 acid ’ or ‘ hydrio 1 salt is defined as 
that produced by the replacement of a portion only 
of the hydrogen of a polybasio aoid by the metal of 
a base. Acid sodium sulphate, NaHSO,, is an example of a 
hydric or acid salt. An instructive group of compounds is 
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formed by the replacement of the hydrogen of phosphoric acid 
by sodium. In this way we have 

Phosphoric acid . . . H 3 P0 4 , acid reaction with 

litmus. 

Dihydrogen sodium phosphate II 2 NaP0 4 , acid reaction 

with lhmus. 

Hydrogen disodium phosphate IINa a P0 4 , neutral reaction 

with litmus. 

Sodium phosphate . Na a P0 4 , alkaline reaction 

with litmus. 

• 

Of the phosphates, the first two are hydric salts, while the 
third is normal. Formerly it was customary to term the normal 
salts, neutral salts 'this phrase is inapplicable because, as in the 
examples before us, neutrality to litmus is not always associated 
with ‘ normal ’ constitution. 

There are a few inorganic acids which contain non-replace 
able hydrogen—for example, hypophosphorous acid, HPH a 0 2 , 
and phosphorous acid, H a PH0 3 . In these cases the basic or 
replaceable hydrogen is placed at the commencement of the 
formula. SThe normal sodium hypophosphite is represented 
by the formula NaPH 2 O a . Care must be taken not to confuse 
salts of this type with those which are really acid salts. 

There are certain oxy-acids which possess the power of 
combining with more of the base than is necessary to produce 
a normal salt. Sulphuric, nitric, and carbonic acids exhibit 
this property in a marked degree; especially in combination 
with certain bases, prominent among which are the oxides and 
hydrates of copper, lead, mercury, zinc, antimony, and bismuth. 
■A ‘ basic ’ salt is defined as that produced by the com¬ 
bination of an acid with a higher proportion of a base 
than is necessary for the formation of a normal salt. 
The following are examples of basic salts; the additional 
quantity of base being distinguished by being placed outside 
a comma in the formula 

Basic mercury sulphate (turpeth mineral) HgS0 4 ,(HgO) a . 
Dibasic lead nitrate, • Pb(NO,) a ,PbH a O,. 

Green copper carbonate (malachite), CuC0 3 ,CuH,O a . 

Basic lead carbonate (white lead), (PbCOj) a ,PbH a Oj. 
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It will be noticed that in many f of these basic salts the 

additional basic constituent is a metallic hydrate. 

• 

106. Molecular Constitution of Acids and Salts.— It 
is convenient to remember that every oxy-salt may be repre¬ 
sented as a combination of the anhydrous acid and base. Thus 
we have the following 

2NaN0 3 = Na 2 0,N 2 O s . 

Ca(NOa) a = CaO.NA- 

2Bi(N0 3 ) 3 = Bi 2 0 3 ,(N 2 0 5 ) 2 . 

Na 2 S0 4 = Na 2 0,S0 3 . 

CaS0 4 = CaO,S0 3 . 

2Na 3 P0 4 = (Na 2 0) 3 ,P 2 0 3 . 

Ca 3 (P0 4 ) 3 = (Ca0) 3 ,P 2 0 5 . 

2HNa 2 P0 4 = H a 0,(Na 2 0) 2 ,P 2 0 5 . 

HgS0 4 ,(IIg0) 2 = (Hg0) 3 ,S0 3 . 

(PbC0 3 ) 2 ,PbH 2 0 2 = (PbO) 2 ,PbH 2 0 2 ,(Co 2 )j 

In some cases this necessitates the doubling of the usual 
molecular formula, but as, in all probability, the true molecules 
of all such bodies are multiples of the ordinary formulae, the 
double formula is within the true molecular constitiAion. The 
possibility of viewing the salts in this manner has led to a 
binary theory of their constitution in which it has been assumed, 
for instance, that the combination between Na a O and N 2 0 # is 
analogous to that between Na and Cl to form sodium chloride. 

It is far more probable, however, that we must look upon a 
salt, as a whole, in which anhydride and base have no longer 
a separate individuality, rather than a binary compound of these 
two simpler compounds. Nevertheless, for the purpose of 
stating the composition of a body it is exceedingly convenient 
to give the proportion of each anhydride and base present. 
The results of analysis of mineral and other similar bodies are 
almost invariably so expressed, the percentage of each anhydride 
and base being given. 

The problem of the constitution of acids has been attacked" 
in another manner; taking, for example, sulphuric acid, it may 
be decomposed in various ways; thus an atom of chlorine may 
be made to replace an atom each of hydrogen and oxygen. 
The compound thus formed may have again the group HO re- 
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placed by another atom of chlorine, forming the body known as 
sulphuryl chloride. Beloware the formulae placed side beside:— 


H,SO„ HC1SO* C1 2 S0 3 , 

or (HO) a SOj or (HO) ClSO a or CI 2 SOj. 

Sulphuric acid. Sulphuryl chlor- Sulphuryl 

hydrate. chloride. 

The displacement of HO is shown more clearly by writing 
the formulae as shown in the second line. 

Investigations of this description lead to the conclusion that 
the replaceable hydrogen of an acid exists as a group or groups 
having the composition, HO, while the remaining oxygen is 
more directly and firmly combined with the sulphur or other 
dominant atom or atoms of the molecule. The probable 
constitution of some of the acids and their salts is indicated 
by the following graphic formulae:— 

0 \ 

oX°" 

Nitric acid. 


-H 


0 


\ 


:N - 0 


• 0/ 

°\,/0-H 

O/ \0-H 

Sulphuric acid. 

/O-H /Ov 


0 \ 

"N—O-Na 
O/ 

Sodium nitrate. 

/O 

-Ca-O-Nf 
\o 


Calcium nitrate. 


V/°\ 


0=P-0-H Ca 
\0—H 


O 

"S' Ya 

0/ \o/ 

Calcium sulphate. 

/°\ 


V ;p—O—Ca-O-P' 'Ca 

II II \o/ 

0 0 

Phosphoric acid. Calcium phosphate. 

From these formula it will be seen that in the formation of 
the salts the hydrogen is simply replaced by the metal. Acids 
containing non-replaceable hydrogen have probably a constitu¬ 
tion similar to that indicated by the following graphic formula;, 
in which such hydrogen is connected direct to the grouping 

at0m: - /O-H 

0=P—0—H 0=P / 

/ \ I \0-H 

H H ft 

Hypophotphorotu add. Phocphoroui add. 
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Little is known with certainty of the molecular constitution 
of basic salts. In some instances it would seem that the extra 
molecules of base replace the oxygen of the acid, as shown in 
the following formula for turpeth mineral— 


/ 0 \ /°\ 
Hg( )S( )Hg 

O 0 

\/ 

Hg 


This salt, it will be noticed, is identical with what would be 
the normal salt of a hexabasic sulphuric acid, having the formula 
H 6 S0 6 , i.e. ordinary sulphuric acid combined with two more 
mo' 2cules of water. 

Other basic salts of which white lead may be taken as an 
example, are sometimes viewed as combinations of molecules of 
the normal salt with molecules of the additional base, in which 
case the actual linking must be extra-atomic. The existence 
of water of crystallisation is considered evidence of molecular 
combination, but extremely little is at present knftwn of the 
nature of such combinations between molecules. It may also 
be assumed that in white lead we have a chemical compound 
in which the three atoms of lead are directly united together in 
the one molecule, in which case the constitution may be thus 
graphically represented— 


»—c 

h n 


/\ 

1 1 

/\ 

0 0 

0 0 

O 0 

\/ 

\/ 

\/ 

Pb* 

in, 

Pb 


It has been proposed to use, instead of ordinary formulae, 
what are termed constitutional formulte: these are simply 
formulae so arranged as to indicate the probable constitution, or 
atomic arrangement, within the molecule. The following are 
illustrations of such formula^ of nitric and sulphuric acids re¬ 
spectively—NOjHO, nitric acid; and SOj(HO)j, sulphuric acid. 
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Constitutional and gmphic formuke are frequently of con¬ 
siderable service to the chemist; but it must be remembered 
that they are not to be insisted on dogmatically. That white 
lead, for example, consists of some definite arrangement and 
linking of atoms cannot be doubted, and the graphic formula 
given above is useful as showing one view of such possible 
arrangement; but it does not necessarily follow that such an 
arrangement has been or is capable of actual proof. Graphic 
formula; are simply intended as representing the hypothetic 
constitution of molecules, so far as our present knowledge 
enables us to speculate in that direction. 

107. Acidimetry and Alkalimetry.—Among the various 
operations of quantitative analysis one most important series 
is that dealing with the estimation of the quantities of acid or 
alkali in various substances. The general principle adopted is 
that of adding, to a measured quantity of the substance, acid or 
alkali solution of known strength until the point of neutrality 
is reached. The test solutions are added from graduated 
measuring-vessels termed burettes, and the neutral point is de¬ 
termined by the use of some indicator, litmus being that most 
commonly^smployed. 

For acidimetry and alkalimetry a scries of standard solu¬ 
tions is prepared. These are commonly of the strength known 
by analysts as normal solutions. The normal acid solutions 
are prepared so that at i6°C. one litre shall contain 1 gram of 
the replaceable hydrogen of the acid. 1 Consequently normal 
sulphuric acid solution must contain 
H a S 0 , 

(2+32 + 64=98)^2 =49 grams per litre=o'04g gram 
per c.c. 

Similarly normal hydrochloric acid must contain 
H Cl 

1 + 35 = 36 grams per litre = C036 gram per c.c. 

The normal alkali solutions must contain per litre the 

1 In these formulae the nearest whole numbers arc taken for the 
atomic weights instead of the exact decimal fraction. This plan is fre¬ 
quently adopted, where extreme accuracy is not essential. 
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chemical equivalent, weighed in glams of the hydrogen-re¬ 
placing metal or group of elements. Thus normal sodium 
hydrate, solution must contain 
Na H O 

23 +1 +16=40 grams per litre=o-04o gram per c.c. 

(Sodium and hydrogen are equivalent to each other, atom 
for atom.) 

Normal barium hydrate (BaH a O a ) solution must contain 

Ba H a O a 

(137 + 2 + 32=171)^-2=85-5 grams per litre=o-o8s gram 
per c.c. • 

(The chemical equivalent of^barium is half its atomic 
weight.) 

Equal quantities of any normal acid and alkali solu¬ 
tion exactly neutralise each other; and the quantity 
of any solution of a single acid or alkali which is 
neutralised by 1 c.c. of a normal solution contains 
O'OOl gram of the hydrogen equivalent of its active 
constituent. The analyst makes use of a table giving the 
weights of actual substance in each case, corresponding to the 
hydrogen equivalent. This is best made clear by an example 
of such a calculation. 

300 c.c. of a solution of caustic soda containing 40 grams 
of NaHO per litre (normal solution) is required to neutralise 
100 c.c. of sulphuric acid and the same volume of nitric acid. 
Calculate the amount of acid in each solution. 

Our previous calculations show that normal sulphuric acid 
contains 0-049 grams per c.c. As the quantity being tested, 
roo c.c., contains acid equal to 300 c.c. of normal alkali, the 
total quantity present is evidently 

( 0-049 * 3°°= 147 grams of sulphuric acid. 

Normal nitric acid must have the following composition :— 

H N 0 3 

1 + 14-1-48=63 grams per litre=o-o63 gram per c.c. 

Therefore 0-063x300=18-9 grams of nitric acid in the 
100 c.c. of solution tested. 
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CHAPTER IX 

OXIDES AND OXY-ACIDS OF CIII.ORINE 


The following oxides of chlorine have been obtained : 


Hypochlorous anhydride, or chlorine monoxide 

a,o. 

Chlorous anhydride. 

ciA. 

Chlorine peroxide. 

ClOj. 

Chlorine forms also the following scries of acids 

:— 

Hydrochloric acid. 

II Cl. 

Hypochlorous acid. 

HC10. 

Chlorous acid. 

HC10 2 

Chloric acid. 

IICIO3. 

Perchloric acid . ... 

HC10 4 


Hypochlorous Anhydride.—Formula, C1,0. Mole, 
oular weight, 86-24. Density, 43-12. Specific gravity 
as gas, 3'00. Boiling-point about 5° C. 

108. Preparation.— On parsing dry chlorine through a 
tube containing thoroughly dried mercuric oxide, HgO, ob¬ 
tained by precipitation of mercuric chloride, HgCl 2 , by potas¬ 
sium hydrate, KHO, the following reaction occurs. 

HgO + 2Cl a = HgCl 2 + Cl.,0. 

Mercury oxide. Chlorine. Mercury chloride. Hypochlorous 

anhydride. 

If the escaping gas be passed through a tube embedded in 
a freezing mixture of ice and salt, the hypochlorous anhydride 
condenses to a red liquid, which boils at about # 5° C., yielding 
a light yellow gas. 

109. Properties. —Hypochlorous anhydride is* distin¬ 
guished by the ease with which it is decomposed, with ex¬ 
plosion, into chlorine and oxygen. The liquid suffers this 
change on being gently warmed, and even on the tube con¬ 
taining it being scratched with a f file. The gaseous form is 
slightly yellow in colour, and smells somewhat like chlorine. 
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Hydrochloric acid gas and chlorine Monoxide mutually decom¬ 
pose each other, with the formation of water and free chlorine. 

2HC1 + C1 2 0 = 2C1, + H 2 0. 

Hydrochloric acid. Hypochlorous Chlorine. Water, 

anhydride. 

The gas readily dissolves in water to the extent of about 
zoo volumes, forming in this manner a solution of hypochlorous 
acid. 

Hypochlorous Acid.—Formula, HCIO. Molecular 
weight, 62'08. 

no. Completeness of Chlorine Acid Series.—It 

is interesting to note the complete series of acids formed from 
chlorine. The first of the series, hydrochloric acid, has already 
received description. It contains no oxygen ; following on 
this we have the oxy-acids commencing with hypochlorous 
acid, with its one atom of oxygen, and advancing regularly to 
perchloric acid containing four oxygen atoms. 

111. Preparation.—Hypochlorous acid is formed when 
the anhydride is dissolved in water, and may be prepared more 
readily by agitating chlorine water with precipitated mercuric 
oxide in slight excess. The following reaction then occurs :— 

HgO + 2Cl a + II 2 0 = HgClj + 2 HCIO. 

Mercury oxide. Chlorine. Water. Mercury Hypochlorous 

chloride. acid. 

During the reaction the mercury oxide is dissolved, and 
the colour of the chlorine disappears. On careful distillation 
a solution of hypochlorous acid free from mercury chloride is 
obtained. 

112. Properties. —A concentrated solution of hypo¬ 
chlorous acid is very unstable, decomposing on exposure to 
light into chlorine and chloric acid. The acid possesses very 
powerful bleaching properties, and in the form of one or other 
of its salts has most important industrial applications. On 
treatment with hydrochloric acid it is decomposed according 
to the following equation 

HC1 + HCIO t = H a O + Cl 2 . 

Hydrochloric acid. Hypochlorous add. Water. Chlorine. 
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In the chapter on chBrine an explanation of the theory of 
bleaching is given, in which it is pointed out that the action is 
due to the liberation of nascent oxygen from water by the 
chlorine. Gay-Lussac points out that chlorine in the free state 
has only half the bleaching power it possesses when combined 
to form hypochlorous acid. An examination of the following 
equations shows that in the one case two atoms of chlorine 
liberate one atom: of nascent oxygen, while in the other the 
same quantity of oxygen is liberated by the one atom of 
chlorine in hypochlorous acid, 

Cl 2 + HjO =• 2HC1 + O. 

Chlorine. Water. Hydrochloric acid. Nascent oxygen. 

^ HCIO = HC1 + 0. 

Hypochlorous acid. Hydrochloric acid. Nascent oxygen. 

113 . Hypochlorites. — Bleaching Compounds.— 

When chlorine gas is led into a cold solution of potassium 
hydrate, the following change occurs 

Cl 2 + 2KH0 = KC1 + KC10 + H 2 0. 

Chlorine. Potassium hydrate. Potassium Potassium Water. 

chloride. hypochlorite. 

From tifis equation it will be seen that the chlorine partly 
forms a chloride and partly a hypochlorite of potassium. The 
liquid thus produced posesses powerful bleaching action, and 
is known as Eau de Javelle from the name of the place where 
first manufactured. 

114 . Chloride of Lime, Bleaching Powder.—At 

present the cheaper base, lime Ca(HO) 2 , is used instead of 
potassium hydrate for the formation of a bleaching compound. 

Manufacture.—Chlorine prepared by the action of hydro¬ 
chloric acid on manganese dioxide (Weldon ntud), is allowed 
to pass through a fairly long pipe in which much of the mois¬ 
ture and accompanying hydrochloric acid are deposited. It is 
then led into a series of chambers built up of Yorkshire flag¬ 
stones soaked in tar. On the floors of these chambers a 
quantity of freshly-slaked lime of good quality is spread in a 
layer of some four or five inches iij depth. The lime being in 
readiness, the chamber doors are fastened, and the chlorine 

L 
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permitted to enter till the chamber is teen to be full of chlorine 
by means of windows placed for the purpose. The chlorine 
escaping! from the one chamber is allowed to pass over into 
the second similar chamber of the scries. In about two days 
the lime will have absorbed most of the chlorine; it is then 
turned over by workmen and once more subjected to the 
action of chlorine. Altogether some six days are required 
before the lime absorbs the maximum amount of chlorine. It 
should then contain some 35 per cent, of chlorine available 
for bleaching purposes. For reasons which will be seen here¬ 
after, it is important to prevent the temperature rising during 
this operation anything above about 50 ° C. Chloride of lime 
as thus prepared is a soft, slightly damp, white powder, having 
a faint, characteristic smell of hypochlorous acid. 

Composition and Properties—Considerable difference 
of opinion exists as to the composition of chloride of lime. It 
is, in the first place, not simply a true hypochlorite, Ca(C10) 2 , 
bccause as such it should contain approximately 50 per cent, 
of chlorine, whereas some 35 -38 per cent, is the maximum 
quantity the lime can be made to absorb. Either, therefore, 
a certain quantity of lime must remain in the free state, or a 
basic compound must be formed. The following equation 
agrees fairly well with the results obtained in practice, and 
assumes the formation of a basic hypochlorite :— 

3Ca(HO ) 2 + 2C1 2 = 2Ca(H0)C10 + CaCl 2 + 211,0. 

Calcium hydrate. Chlorine. Calcium basic Calcium chloride. Water, 
hypochlorite. 

The formula shows that this hypothetic basic hypochlorite 
consists of calcium hydrate with one group of HO replaced by 
CIO, expressed graphically thus : 

H—0 -Ca—0 -Cl. 

The objection to this hypothesis is that it necessitates the 
assumption of the presence of a molecule of calcium chloride 
to two molecules of the hypochlorite in the bleaching powder. 
Now calcium chloride is one of the most deliquescent sub¬ 
stances known, and yet well r made bleaching powder is at the 
most only very slightly deliquescent. Further, calcium chloride 
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is soluble in alcohol, bill bleaching powder yields only traces 
of calcium chloride when treated with alcohol as a solvent. 
Again, carbon dioxide gas completely expels the whble of the 
chlorine from chloride of lime, while it is without action on 
solid calcium chloride. 

A much more probable explanation is that which assumes 
that the following change occurs :— 

Ca(HO), + Cl, = CaOCl, + H,0. 

Calcium hydrate. Chlorine. Calcium chloro- Water. 

hypochlorite. 

The difficulty in this case is # that the whole of the lime is 
not converted, according to this equation ; consequently if we 
accept it as correct it is necessary also to assume that bleaching 
powder contains free calcium hydrate as well as the so-called 
calcium chioro-hypochlorite, CaOCl,. Kolbe affirms that dry 
bleaching-powder is a definite compound of the following com¬ 
position, Ca :t (HO) 6 Cl 4 ; a formula which agrees, it will be 
noticed, with the assumption that a chloride of calcium hydrate 
has been formed by the union of three molecules of the hydrate 
with two molecules of chlorine. The same formula may be 
written (Cj0),(Cl,)„3EI,0, in which case we have a hydrated 
chioro-hypochlorite differing only from that previously described 
in that it contains a higher proportion of lime. It is probable 
that this chioro-hypochlorite may contain less water in a state 
of actual combination than is shown in the formula just given. 
Such, however, does not materially affect this explanation of the 
constitution of bleaching powder. The formation of bleaching 
powder may then be thus represented • 

3Ca(HO), + 2C1, = (Ca0) 3 (Cl,)„3H,0. 

Calcium hydrate. Chlorine. Chloride of lime. 

On the addition of water to dry chloride of lime, it is de¬ 
composed according to the following equation :— 

Ca ;l (HO) 6 Cl 4 = Ca(IIO), + CaCl, + Ca(ClO), + 211,0. 

Chloride oflime. Calcium - Calcium Calcium Water. 

hydrate. chloride. hypochlorite. 

On exposure to the air, chloride of lime is slowly decom¬ 
posed by the carbon dioxide present, free chlorine being 
evolved 
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3C0.H- (Ca0) 3 (Cl 2 ) 2 ,3H 2 0 = 3CaC0 3 + 2C1, + 3H a 0. 

Carbon Chloride of lime. Calcium Chlorine. Water, 

dioxide. carbonate, 

c 

In solution the addition of any acid (including even carbonic 
acid) causes the evolution of chlorine. Hydrochloric and 
hypochlorous acids are first evolved, and these mutually de¬ 
compose each other:— 

CaClj + Ca(C10) 2 + 2H 2 S0 4 = 2CaS0 4 + 2HC1 + 2HC10. 

Calcium Calcium Sulphuric Calcium Hydro- Hypo- 

chloride. hypochlorite. acid. sulphate. chloric chlorous 

;-«r-—-•" acid. acid. 

Active salts of bleaching- 

powder solution. 

The secondary reaction is :— 

2HC1 + 2HC10 = 2H„0 + 2C1 3 . 

Industrial Applications.— Chloride of lime is largely 
used as a disinfectant, the slow evolution of chlorine resulting 
from its exposure to air rendering it in this respect especially 
valuable. The principal use of this substance is, as its name 
implies, that of bleaching. Calico and paper-pulp are both 
bleached by the action of chloride of lime. The well-washed 
material is treated with a solution containing about 2 per cent, 
of bleaching powder, from which it is removed Ind placed 
in a dilute solution of either hydrochloric or sulphuric acid. 
Chlorine is liberated within the fibre of the cloth and destroys 
the colour. In order to remove all traces of chlorine and acid 
the cloth is thoroughly washed and finally treated with a solu¬ 
tion of sodium sulphite (antichlor), which, by combining with 
any free chlorine or acid, neutralises their destructive power on 
the cloth, which otherwise would slowly rot. 

Chlorous Anhydride.—Formula, C1 2 0 3 . Molecular 
weight, 118'00. Observed density, 68-73. 

Chlorous Acid. — Formula, HC10 2 . Molecular 
weight/ 07.84. 

1x5. General Properties.— Chlorous anhydride is pre¬ 
pared by the reduction of chloric acid by arsenic trioxide, 
As 2 O a . It is a gas of a deep greenish-yellow colour and ex¬ 
plodes with great readiness. , Water dissolves about ten volumes 
of the gas, forming a solution of chlorous acid. Chlorous acid 
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possesses bleaching properties, and forms with bases a series 
of salts known as chlorites. These salts are very unstable, 
being readily decomposed by heat or by the action of even the 
most feeble acids. They possess little or no practical interest. 

Chlorine Peroxide.—Formula C10 s . Molecular 
weight, 66-94. Density, theoretic, 33-47; observed, 
33-52. 

xi 6 . Preparation.—Chlorine peroxide is prepared by 
gently heating potassium chlorate with concentrated sulphuric 
acid. Potassium sulphate and .chloric acid are first formed, 
after which the chloric acid suffers decomposition :— 

3KC10 3 + .3H 2 SO, = 3KHS0 4 + 31IC10 3 . 

Potassium Sulphuric Add potassium Chloric 

chlorate. acid. sulphate. acid. 

3flC10 3 = HCIO, + 2C10j + H 2 0. 

Chloric add. Perchloric Chlorine Water, 

acid. peroxide. 

The sulphuric acid is first placed in a very small retort and 
about one-and-a-half times its weight of potassium chlorate 
added in small quantities at a time. The retort is then gently 
warmed, afid the chlorine peroxide collects as a deep yellow 
gas. Chlorine peroxide is violently explosive, and for this 
reason the greatest care is required in its preparation. On 
being led into a freezing mixture the gas condenses to a dark- 
red liquid, which at a temperature of - 79 ° C. freezes to a solid 
mass. 

117. Properties.— The gas has a peculiar chlorous odour, 
and is gradually converted by sunlight into oxygen and chlorine. 
A very slight elevation of temperature causes its decomposition 
with violent explosion. Phosphorus and other inflammable 
bodies burn in the gas spontaneously, at the same time causing 
it to explode. An interesting experiment of this kimj consists 
in placing a few crystals of potassium chlorate, together with a 
small fragment of phosphorus, at the bottom of a tall glass filled 
with water. A thistle-funnel is then placed in the glass and a 
few drops of sulphuric acid poured down it; chlorine peroxide 
is liberated, and each bubble which momentarily comes in 
contact with the phosphorus explodes with a flash of bright 
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green light. Chlorine peroxide is soluble in water and thus 
produces a solution having bleaching powers. The gas is ab¬ 
sorbed bji a solution of potassium hydrate, but forms no salt 
corresponding to itself, but simply a mixture of potassium 
chlorite and chlorate :— 

2C10, + 2KHO = KClO a + KCIO, + H 2 0. 

Chlorine Potassium Potassium Potassium Water, 

peroxide. hydrate. chlorite. chlorate. 

Chloric Acid.— Formula, HCIO 3 . Molecular weight, 
8382. 

118 . Preparation. —Chloric acid is best prepared by 
treating a solution of barium chlorate with the exact quantity 
of sulphuric acid necessary to form barium sulphate, when the 
following reaction occurs :— 

Ba(C10 3 ) 2 + II 2 SO, = BaSO, + 2IIC10 3 . 

Barium chlorate. Sulphuric Barium Chloric acid, 

acid. sulphate. 

The insoluble barium sulphate is separated by filtration, 
and the clear liquid evaporated down in vacuo until of a syrupy 
consistency. It then possesses an intensely acid relation and 
has a faint chlorous odour. There is still a considerable 
quantity of water present, causing the acid of this strength to 
be approximately represented by the formula HC10 3 ,7K 2 0. 

119 . Properties. —Chloric acid, as thus prepared, is a 
somewhat unstable body. Any attempts to further concentrate 
it result in its decomposition into perchloric acid, water, oxygen, 
and chlorine. It is a very powerful oxidising agent, rapidly 
charring, and even setting fire to, paper or wood. The acid is 
monobasic and firms a series of salts known as chlorates. 

120 . Chlorates.—Among the chlorates the most impor¬ 
tant is that of potassium, which is prepared in the following 
manner:— 

Preparation.—As previously stated, when chlorine is 
passed into a cold solution of potassium hydrate, potassium 
hypochlorite is formed andi the liquid possesses bleaching 
properties. This liquid on being heated is found to lose its 



Potassium Chlorate 151 

bleaching power, and the*hypochlorite is split up into a chlorite 
and chlorate. Thus in the cold— 

3 Cl a + 6KHO = 3 KC 1 + 3 KC 10 + 3 H* 0 . 

Chlorine. Potassium Potassium Potassium Water, 

hydrate. chloride. hypochlorite. 

On the application of heat— 

3 KC 10 = KCIO3 + 2 KCL 

Potassium hypochlorite. Potassium chlorate. Potassium chloride. 

Grouping the whole chemical change into one equation, we 
have— 

3 C 1 2 + 6KHO = KC 1©3 + 5 KC 1 + 311 , 0 . 

Chlorine. Potassium Potassium Potassium Water, 

hydrate. chlorate. chloride. 

The chlorate, being much less soluble than the chloride, is 
readily separated by crystallisation, and forms the very familiar 
white tabular anhydrous crystals of potassium chlorate. It will 
be noticed that in this method of manufacture five out of 
the six molecules of potassium hydrate are converted into the 
comparatively valueless chloride, a loss which much enhances 
the price of the chlorate. To avoid this loss, it is usual to first 
prepare cakium chlorate from lime thus— 

CC 1 2 + GCa(HO) 2 = Ca(C 10 .,) 2 + 5 CaCl 2 + GH .,0 

Chlorine. Calcium hydrate. Calcium chlorate. Calcium chloride. Water. 

On adding to this solution the quantity of potassium chloride 
equivalent to the calcium chlorate, potassium chlorate crystal¬ 
lises out thus— 

Ca(C 10 3 ) 2 + 2 KC 1 = 2 KC 10 3 + CaCl 2 . 

Calcium chlorate. Potassium Potassium Calcium 

chloride. chlorate. chloride. 

In this way the use of the expensive potassium hydrate is 
avoided. 

Properties.—Potassium chlorate, and the chlorates gene¬ 
rally, are powerful oxidising agents. All are decomposed on 
the application of heat, leaving behind a chloride or oxide, and 
oxygen, or oxygen and chlorine, being evolved. As already 
known, potassium chlorate is a convenient source of oxygen. 
Charcoal and most inflammable ^substances deflagrate when 
thrown into melted potassium chlorate. Phosphorus and 
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sulphur both explode when mixed wifn the chlorate and then 
subjected to friction or percussion. Chlorates in solution are 
distinguished from the chlorides by their giving no precipitate 
with silver nitrate when added to a solution acidulated with 
nitric acid. 

Perchloric Acid.— Formula, HC10 4 . Molecular 
weight, os 70 . 

121 . Preparation.—This acid is most readily prepared 
from the perchlorate. On heating potassium chlorate until 
a part of the oxygen is evolved, the liquid is seen to become 
pasty. If the action be arrested at this stage, it is found that 
the following change has occurred— 

2KC10 3 = KCIO., + KC1 '+ 0 2 . 

Potassium Potassium Potassium Oxygen. 

chlorate. perchlorate. chloride. 

The potassium perchlorate, being much less soluble, is readily 
separated from the chloride by crystallisation. To prepare the 
acid, the perchlorate is well dried and mixed with four times 
its weight of concentrated sulphuric acid. The mixture is 
subjected to distillation, and there first comes over, a slightly 
yellow liquid, consisting of pure perchloric acid, HC10,,. 
Subsequently portions of the distillate condense into a white 
crystalline mass, consisting of HC10 4 ,H,0. On th’s solid 
hydrate being redistilled, it is decomposed, and the pure acid 
first distils over, leaving an aqueous acid, with higher boiling 
point, behind in the retort. 

122 . Properties. —Pure perchloric acid is a colourless or 
slightly yellow liquid, having a great attraction for water. It 
readily oxidises paper and other organic bodies, while when 
dropped on charcoal it decomposes with a most violent explo¬ 
sion. The acid gradually undergoes decomposition when kept, 
and finally acquires a deep red-brown tint and explodes. In 
the diluted form this acid is the most stable of all the oxy- 
chlorine acids, and even dissolves iron and zinc, with the 
formation of perchlorates and evolution of hydrogen. 

The salts of perchloric acid are known as perchlorates; 
they are all decomposed by heat, evolving oxygen and leaving 
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a chloride. They are more stable than any of the other salts 
of the oxychlorine series of acids. Perchlorates do not evolve 
an explosive gas when heated with sulphuric add. * 


CHAPTER X 

CARBON 

Symbol, C. Atomic weigh*, 11/91. Specific gravity, 
as diamond, 3'3 to 3'5. 

123. Occurrence. —Two well-marked crystalline modifi¬ 
cations of carbon occur naturally in the free state, being known 
respectively as diamond and graphite. In addition to these, 
carbon is an essential constituent of all compounds of organic 
origin, from which bodies it may be obtained in the amorphous 
condition; such carbon is termed charcoal or coke, according 
to the source from which derived. Limestone, chalk, and 
other natural carbonates also contain carbon in enormous 
quantities. 

124. Preparation.— By heating wood, coal, or bones in 
a closed vessel, carbon in an impure state may be obtained. 
Water and volatile compounds of carbon with hydrogen and 
oxygen are driven off; the excess of carbon remains, together 
with the non-combustible portions of the wood or other body. 

This process of heating a body and causing its decom¬ 
position into gaseous and liquid products in part, which are 
collected, is termed ‘destructive distillation.’ % 

Charcoal is manufactured sometimes in this way in large 
iron retorts, but more frequently by building a mass of wood 
faggots, covering them with peat, and making an opening at 
the top and bottom. The pile is then fired; a portion only of 
the wood is allowed to burn, and its heat converts the re¬ 
mainder into charcoal 

Coal is subjected to destructive distillation on the large 
scale for the manufacture of coal-gas; the carbon which 
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remains in the retort is known as ^coke.' It is denser and 
harder than wood charcoal. 

Bon*, on being similarly treated, yield ‘animal charcoal. 
This, when finely ground, is called ‘ ivory black.’ 

A purer form of charcoal is obtained by burning turpentine, 
resin, or other substances rich in carbon. With a limited supply 
of air the hydrogen burns, and the carbon, being liberated, is 
deposited as soot in chambers arranged for its collection. In this 
way lampblack is made. It, however, still contains hydrogen, 
which is driven off by heating the lampblack intensely in a curient 
of chlorine. Hydrochloric acid is formed and carbon remains. 
The carbon obtained by the whole of these methods is amorphous ; 
graphite and diamond are both*crystalline. Graphite occasionally 
crystallises out in small hexagonal plates from the solution of carbon 
in fused cast iron. Recent experiments of Moissan, Chroustchoif, 
and others have resulted in the artificial formation of minute 
crystals of diamond. Carbon is dissolved in iron at a temperature 
of over 3000° C., and then subjected to the enormous pressure 
resulting from the contraction of the iron by rapid cooling as 
a result of plunging into water. On subsequently dissolving the 
metal by aqua rogia, minute crystals of diamond remain. 

I25. Properties.— Tlie three forms in which carbon 
occurs differ remarkably in appearance and physical pro¬ 
perties. * 

Diamond.—The diamond is usually found in more or less 
rounded pebbles, and at times in well-developed octahedral 
crystals, of the cubical system. The faces of these crystals are 
frequently somewhat curved, and even the whole form of the 
crystal distorted. I.iltle is known of the origin or mode of 
formation of the diamond, except that it has not been pro¬ 
duced under the influence of heat. Most diamonds are found 
in the broken-down debris of a fine-grained quartzose rock, but 
occasionally rnipute crystals have been found embedded in the 
rock itself. The diamond is the hardest substance known, 
scratching or cutting all other bodies. Small crystals, set in a 
proper fiolder, are used by glaziers for cutting glass. When 
pure, the diamond is perfectly transparent and colourless; but 
many specimens are coloured various shades of yellow to 
brown, while occasionally diamonds arc discovered of a more 
or less blue tint. By frictioh against a surface embedded with 
diamond dust the diamond may be slowly ground down and 
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a chloride. They are more stable than any of the other salts 
of the oxychlorine series of acids. Perchlorates do not evolve 
an explosive gas when heated with sulphuric add. 


CHAPTER X 

CARBON 

Symbol, C. Atomic weigh*, 11/91. Specific gravity, 
as diamond, 3'3 to 3'5. 

123. Occurrence. —Two well-marked crystalline modifi¬ 
cations of carbon occur naturally in the free state, being known 
respectively as diamond and graphite. In addition to these, 
carbon is an essential constituent of all compounds of organic 
origin, from which bodies it may be obtained in the amorphous 
condition; such carbon is termed charcoal or coke, according 
to the source from which derived. Limestone, chalk, and 
other natural carbonates also contain carbon in enormous 
quantities. 

124. Preparation.— By heating wood, coal, or bones in 
a closed vessel, carbon in an impure state may be obtained. 
Water and volatile compounds of carbon with hydrogen and 
oxygen are driven off; the excess of carbon remains, together 
with the non-combustible portions of the wood or other body. 

This process of heating a body and causing its decom¬ 
position into gaseous and liquid products in part, which are 
collected, is termed ‘destructive distillation.’ % 

Charcoal is manufactured sometimes in this way in large 
iron retorts, but more frequently by building a mass of wood 
faggots, covering them with peat, and making an opening at 
the top and bottom. The pile is then fired; a portion only of 
the wood is allowed to burn, and its heat converts the re¬ 
mainder into charcoal 

Coal is subjected to destructive distillation on the large 
scale for the manufacture of coal-gas; the carbon which 
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with almost explosive violence; carbon dioxide is evolved, and 
also oxygen and hydrogen in combination as water. There re¬ 
mains behind an exceedingly bulky flocculent sooty-Iooking 
substance, which, even after heating to redness in nitrogen, still 
retains a portion of oxygen and hydrogen. Similar treatment 
does not produce graphitic, or graphic, acid from the other 
varieties of carbon. 

Amorphous Carbon, Charcoal.—One of the most re¬ 
markable properties of charcoal is that which it possesses of 
absorbing and condensing gases within its pores. Freshly 
burned charcoal is in this*way capable of absorbing about 
ninety volumes of ammonia. Owing to this peculiar property 
charcoal is a valuable antiseptic; it absorbs various putrefactive 
gases, and thus brings them into contact with oxygen, also con¬ 
densed within it. Oxidation proceeds, and these gases, which 
are mostly composed of hydrogen and carbon, are changed 
into harmless and odourless compounds, viz. water and carbon 
dioxide. 

Trays of charcoal are for this purpose placed about in the 
wards of hospitals; also charcoal air-filters are fixed over the 
ventilating openings of sewers in order to prevent the escape 
of noxious gases. When kept dry charcoal will thus continue 
active for years. 

Charcoal also possesses the power of withdrawing certain 
matters from solution in water and other liquids. Among these 
are many forms of colouring matter, certain bitter principles, 
and also the higher alcohols. ' Thus if port wine or claret be 
shaken with charcoal and filtered, the resultant liquid is almost 
colourless. Animal charcoal contains a considerable quantity 
of inorganic ipatter derived from the bones; in consequence 
the charcoal particles themselves are extremely finely divided, 
and hence animal charcoal possesses greater decolourising power 
than that prepared from wood. W ood charcoal is largely used 
for removing the fusel oil (impure amylic alcohol) from distilled 
spirits; while raw sugar is decolourised by the use of bone 
charcoal. Charcoal is also employed in the manufacture of 
water-filters. In a suitable Sayer it acts mechanically as a filter, 
and its peculiar absorptive powers enable it to withdraw and 
retain objectionable matters from the water. It is necessary, 
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however, that the charcflll be frequently replaced, as when 
saturated with impurity it may further contaminate, rather than 
purify, the water passed through it. • 

In the form of lampblack, charcoal is used as the basis of 
printers’ ink and other black pigments. 

Another most important use of charcoal is in the manufac¬ 
ture of gunpowder. 

126. Common Chemical Properties.— It is commonly 
stated that all forms of carbon are incapable of liquefaction or 
volatilisation at the most intense heats at our command; but 
Despretz found that the heat produced by the passage of a 
voltaic current from a battery of 600 Bunsen cells, between 
carbon points enclosed within an exhausted receiver, volati¬ 
lised a portion of the carbon as a black cloud, which deposited 
itself in a crystalline form on the glass walls of the vessel. All 
varieties of carbon are combustible; and the same weight of 
diamond, graphite, and charcoal yields the same amount of 
carbon dioxide when burned, thus establishing their chemical 
identity 

C -f- O, = CO,. 

Carton (diamond, Oxygen. Carbon dioxide, 

graphite, or charcoal). 

The diamond may be burned by placing it on a connecting 
strip of platinum foil, between two copper wires passing through 
the stopper of a gas jar filled with oxygen. The passage of a 
voltaic current raises the platinum to a white heat, the diamond 
burns away, leaving only a minute trace of ash. 

Graphite in the massive form may be burned more easily. 
On raising a deflagrating spoon filled with graphite to a white 
heat, and then plunging it into a jar of oxygen, combustion 
ensues, and the graphite is converted into catbon dioxide, 
leaving, however, considerably more ash than docs the 
diamond. • 

Charcoal, on being heated sufficiently to commence glowing, 
burns in oxygen with brilliancy. 

As a means of detecting carbon dioxide in the resultant 
gas, use is made of the fact that limi-water is turned milky by 
the action of carbon dioxide. Lime and carbon dioxide com- 
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bine readily and produce an insoluble substance, carbonate 
of lime; hence the milkiness. After a time this falls to the 
bottom*as a white precipitate. 

CaH 3 Oj + CO, = CaC 0 3 + H a O, 

Calcium hydrate Carbon dioxide. Calcium carbonate Water, 

(lime-water). (carbonate of lime). 

From this property lime-water is a most useful test for the 
presence of carbon dioxide. If the carbon dioxide is in con¬ 
siderable excess the precipitate will re-dissolve. 

Bodies containing carbon also yield carbon dioxide when 
burned. Thus, during the 1 burning of a taper, methylated 
spirits, wood, coal, or coal gas, or petroleum, carbon dioxide is 
being evolved, and may be detected by the lime-water test. 
Water is also formed as a product of combustion of these 
bodies, all of which are compounds containing carbon and 
hydrogen. The formation of water is demonstrated by the 
quantity deposited when a cold body is placed above a gas 
flame. This may be observed whenever a flask of water is 
heated over a bunsen. Water would also be deposited on the 
outside of a flask held over the chimney of a petroleum lamp. 
The carbon compounds with hydrogen are so unfversally used 
as heat-producers that no fuel could be taken which did not 
give these reactions. 

127. Production of Animal Heat.—Further, animal 
heat is also a result of the slow combustion of compounds of 
carbon. That articles of food contain carbon may be easily 
demonstrated by heating them to redness in a closed test-tube, 
when a mass of more or less pure carbon remains. The carbon 
of food is assimilated by the stomach and helps to build up 
the body. D'uring the act of breathing, air is drawn into the 
lungs, and by certain indirect processes oxidises certain con- 
stituerfes of the blood, which are obtained from food. Water 
and carbon dioxide are thus produced, and are also exhaled 
continually from the lungs. Their presence is readily demon¬ 
strated, first by breathing against a cold surface, when moisture 
is deposited, and secondly by breathing through a glass tube 
into some clear lime-water, which immediately is turned milky. 
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however, that the charcflll be frequently replaced, as when 
saturated with impurity it may further contaminate, rather than 
purify, the water passed through it. • 

In the form of lampblack, charcoal is used as the basis of 
printers’ ink and other black pigments. 

Another most important use of charcoal is in the manufac¬ 
ture of gunpowder. 

126. Common Chemical Properties.— It is commonly 
stated that all forms of carbon are incapable of liquefaction or 
volatilisation at the most intense heats at our command; but 
Despretz found that the heat produced by the passage of a 
voltaic current from a battery of 600 Bunsen cells, between 
carbon points enclosed within an exhausted receiver, volati¬ 
lised a portion of the carbon as a black cloud, which deposited 
itself in a crystalline form on the glass walls of the vessel. All 
varieties of carbon are combustible; and the same weight of 
diamond, graphite, and charcoal yields the same amount of 
carbon dioxide when burned, thus establishing their chemical 
identity 

C -f- O, = CO,. 

Carton (diamond, Oxygen. Carbon dioxide, 

graphite, or charcoal). 

The diamond may be burned by placing it on a connecting 
strip of platinum foil, between two copper wires passing through 
the stopper of a gas jar filled with oxygen. The passage of a 
voltaic current raises the platinum to a white heat, the diamond 
burns away, leaving only a minute trace of ash. 

Graphite in the massive form may be burned more easily. 
On raising a deflagrating spoon filled with graphite to a white 
heat, and then plunging it into a jar of oxygen, combustion 
ensues, and the graphite is converted into catbon dioxide, 
leaving, however, considerably more ash than docs the 
diamond. • 

Charcoal, on being heated sufficiently to commence glowing, 
burns in oxygen with brilliancy. 

As a means of detecting carbon dioxide in the resultant 
gas, use is made of the fact that limi-water is turned milky by 
the action of carbon dioxide. Lime and carbon dioxide com- 
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combining with the oxygen or othlr element with which the 
metal is united in the ore. 

129. Industrial uses of Carbon.—Reference has been 
incidentally made to these when describing the various alio- 
tropic forms of this element; they may, however, be recapitu¬ 
lated here. 

Diamond.—Used as a gem, and for cutting glass; coarser 
forms employed as the cutting agent in rock-boring imple¬ 
ments. 

Graphite.—Used in the manufacture of blacklead pencils; 
also as a lubricant, and for glazing gunpowder. Graphite is 
employed as a protective coating for ironwork, as when used 
for blackleading stoves. 

Charcoal.—Charcoal and coke are both largely used as 
fuel, and as reducing agents in metallurgical operations. Char¬ 
coal acts as a deodorising and decolourising agent, and is used 
for filtering and other purifying purposes. 

130. Compounds of Carbon.—Carbon is distinguished 
among the elements by the great number of compounds it is 
capable of producing by its union with comparatively few ele¬ 
ments. The number of carbon compounds obtainable from 
the union, in various proportions, of two or more of the four 
elements, carbon, hydrogen, oxygen, and nitrogen, is incalcul¬ 
able. They of themselves are of such importance as to consti¬ 
tute a division of chemistry, almost, if not quite, equal in extent 
to the chemistry of all other elements together. These carbon 
compounds have been principally obtained from either animal or 
vegetable sources, and consequently the section of chemistry 
which makes them its subject is commonly called ‘ organic ’ 
chemistry, as 'distinguished from inorganic chemistry, which 
deals only with bodies whose origin and production is indepen¬ 
dent of the action of vital functions. Of late years, many sub¬ 
stances have been produced by direct synthesis of the elements 
which previously had only been obtained from organic sources ; 
therefore the line of demarcation between the two divisions of 
the science has been and is. being gradually broken down. As 
a matter of convenience, however, the distinction is still retained, 
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and accordingly descriptions of these carbon compounds will 
be found in treatises specially devoted to that subject. A few 
only of the simplest and most important will receive tseatment 
in this work. 


CHAPTER XI 

OXIDES OF CARHON 

Two oxides of carbon are known : - 

Carbon monoxide or canonic oxide, CO. 

Carbon dioxide or carbonic anhydride, C 0 2 . 

The latter of these, being the more important, should be 
first studied. 

Carbon Dioxide. Formula, CO,, Molecular weight, 
43 67 . Density, 2 T 83 . Specific gravity, 1 - 517 . 

131. Occurrence.—The presence of carbon dioxide in 
the atmosphere is mentioned in the previous chapter; it also 
exists in vast quantities in combination with lime, in limestone, 
chalk, marbfe, Ac. 

132. Preparation. -By the action of heat, limestone may 
he decomposed into lime and carbon dioxide, according to the 
following equation :— 

CaC 0 3 = CaO + C 0 2 . 

Limestone (calcium Lime Carbon 

carbonate). (calcium oxide). dioxide. 

Enormous quantities of limestone are ' burned ’ in properly 
constructed furnaces called kilns, for the purpose of obtaining 
quicklime, that substance being used in making mortar. The 
change which occurs is that shown in preceding equations, 
quicklime being simply another name for calcium oxide. 

A much readier method of separating the carbon dioxide 
from the base is by the addition of an acid, as hydrochloric. 
The following change ensues 

CaCO, + 2 HC 1 = CaCU + H s O + CO a . 

Calcium Hydrochloric Calcium Water. Carbon 

carbonate. acid. chloride. dioxide 

M 
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This reaction occurs in the cold,, and the gas is prepared 
for laboratory use in this manner, simply by placing a few frag¬ 
ments of marble in a flask fitted with thistle-funnel and delivery- 
tube, and then adding the acid through the funnel. To purify 
the gas it should be passed through water in a small wash- 
bottle. Carbon dioxide may be collected over water or by 
downward displacement. 

133. Manufacture. —On the large scale carbon dioxide 
may be prepared by burning charcoal or coke, or by heating 
limestone. It is’ commonly prepared by the aerated water 
manufacturers from precipitated calcium carbonate (whiting) 
and sulphuric acid. The whiting, together with water, is placed 
in a closed vessel, and sulphuric acid gradually added. Within 
the vessel a spindle fitted with iron arms is placed, and this by 
revolving brings the whole of the mixture in contact with the 
acid and ensures uniformity of evolution of gas. The great 
cheapness of sodium bicarbonate is now causing it to be used 
largely as a substitute for whiting. It has the great advantage 
of producing a soluble bye-product. 

134. Properties. —Carbon dioxide is a colourless gas. 
It has a faint, sweetish, acid taste and smell, which are best 
described as being those of a bottle of soda-water when opened 
(so-called soda-water is a solution of carbon dioxide in water 
under pressure). 

At a pressure of 38*5 atmospheres this gas condenses to a 
liquid at 0° C. : it may also be liquefied at ordinary pressures 
by a temperature of— 78° C. Liquid carbon dioxide is colour¬ 
less and transparent; on being allowed to emerge in a stream 
from the vessel containing it, a part volatilises, and, in so doing, 
deprives the remainder of the heat necessary to maintain it 
in the liquid state; it therefore freezes. The solid carbon 
dioxide,gas obtained in this manner is a white, snow-like mass 
which evaporates with comparative slowness. Liquid carbon 
dioxide has no very energetic chemical properties, and is with¬ 
out action on litmus paper. It has a remarkably high co-effi¬ 
cient of expansion, and increases in volume more rapidly than 
does a gas subjected under like conditions to a similar increase 
in temperature. 
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At 15° C. the gas is %oluble in about its own volume of 
water, whatever the pressure ; but as an increase of pressure 
increases the density of the gas, the weight absorbed is in direct 
proportion to the pressure to which the gas is subjected. 
Soda-water, lemonade, and other aerated beverages, are pre¬ 
pared by dissolving carbon dioxide in water, under the pres¬ 
sure of a force-pump. From the solubility of the gas in water 
directions are frequently given for its collection by displace¬ 
ment, but the gas is obtained so readily in large quantity that 
for most purposes it may as well be collected over water. 

Owing to its comparatively l^igh density, carbon dioxide 
has a tendency to accumulate in situations where it is produced 
in larger quantities than are removed by ordinary processes of 
gaseous diffusion. .Thus in brewing, carbon dioxide is formed 
in the vats by the decomposition of sugar into this gas and 
alcohol during fermentation. The vats may remain full of the 
gas after the liquor has been withdrawn, and many fatal acci¬ 
dents have occurred through men incautiously descending in 
them. Similar accumulations occur both in disused mines 
and in deep wells ; hence, before they arc entered by men it 
is well to tejt the air by lowering a lighted taper, which should 
burn freely. 

Carbon dioxide gas is neither inflammable nor, under ordi¬ 
nary circumstances, a supporter of combustion. 

Several of the metals, however, which have a great affinity 
for oxygen burn in the gas, with the displacement of carbon. 
If a piece of brilliantly burning magnesium wire is introduced 
into the gas, it continues to bum ; the fragments of magnesium 
oxide falling to the bottom are found mingled with carbon. 
On the jar being rinsed with a few drops of hydrochloric acid, 
the oxide dissolves, and the carbon is readily distinguished 
CO, + 2 Mg = 2 MgO + C. 

Carbon dioxide. Magnesium. Magnesium oxide. (inrbon. 

The same reaction is also effected by potassium, potassium 
oxide being formed instead of that of magnesium. In this 
latter case, a small dry flask is filled with carbon dioxide by 
downward displacement; a pellet qf potassium about the size 
of a pea is introduced, and the flask gently warmed until the 

m a 
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potassium glows. The action having terminated, the flask is 
allowed to cool and its contents dissolved out with water; a 
residue of free carbon is seen to remain. 

Carbon dioxide gas in its pure form causes asphyxia, 
the glottis being spasmodically closed if an attempt be made to 
breathe the gas. When present in air to the extent of from 3 
to 4 per cent, carbon dioxide acts as a narcotic poison, lowering 
both the frequency and vigour of the heart’s action. Hence 
the absolute necessity of thorough ventilation of sleeping 
chambers, and all other rooms inhabited for any length of time 
by a number of people. , 

135. Composition. —The exact composition of carbon 
dioxide, both by weight and by volume, Iras been made the 
subject of most careful investigation. The gas 
contains its own volume of oxygen, a fact 
which is proved by burning pure carbon in a 
measured quantity of oxygen gas. For this 
purpose the apparatus shown in fig. 36 may 
be employed, arc is a bent tube open at a, 
and having a bulb c blown at thee other end. 
To the neck of this bulb at n is fitted a glass 
stopper, through which pass two wires, E K, 
suspending a small platinum capsule, o. The 
apparatus is first filled with mercury, and then 
oxygen gas passed by means of a tube down A, 
until the bulb c, and part of the limb DC, are 
in this manner charged with oxygen. The 
mercury is then brought to the same level in 
the two limbs by allowing as much as neces¬ 
sary to escape through the stopcock ir. In 
the next place the stopper at D is removed, 
and the aperture temporarily c’oscd with a cork. A piece 
of pure carbon (which may Ire either of the allotropic modi¬ 
fications) is placed in o, and the stopper quickly replaced. 
(This operation permits some of the oxygen to escape during 
the momentary removal of (the stopper; where great accuracy 
is required this may be obviated by fastening the carbon in 
the capsule by fine platinum wire, prior to filling the apparatus 
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with mercury.) The levtl of the mercury is noted, and then a 
voltaic current passed, by means of the wires e, f, through the 
platinum capsule, which is thus raised in temperature to a red 
heat. The carbon commences to burn, and at the conclusion 
of the combustion the apparatus is allowed to stand until it 
once more regains the atmospheric temperature. The volume 
of carbon dioxide remaining is then found to be the same as 
that of the oxygen prior to the carbon being burned. A 
molecule of carbon dioxide is thus shown to be produced for 
each molecule of oxygen consumed. 

The composition of carbon djoxide by weight is determined 
by passing oxygen over a weighed quantity of red-hot carbon 
and weighing the resultant carbon dioxide. The following 
apparatus, fig. 37,' is that employed for the purpose. The 
gasholder a contains pure oxygen, and is connected to the 


I' Mi. J7- 



U-lube n, fdled with fragments of caustic potash ; to this is 
attached a piece of hard glass (combustion) tubing cd, resting 
in the gas combustion furnace e. Within this tube from the 
e end is inserted an elongated platinum capsule (‘ platinum 
boat ’), containing either diamond, graphite, <Jr charcoal; the 
boat and its contents having first been weighed. The re¬ 
mainder of the tube toward the end d is filled with granulated 
copper oxide. Prior to the commencement of the experiment 
the carbon, platinum boat, and copper oxide should be heated 
until absolutely free from moisture. At the end d is fixed a 
chloride of calcium tulx; r, and again to this a series of glass 
bulbs c, partly filled with a concentrated solution of potassium 
hydrate. Finally, we have a U-tube, h, charged with calcium 
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chloride. The apparatus f, g, h, ale first carefully weighed. 
Everything being arranged, and all the joints made airtight, a 
slow current of oxygen is admitted through from the gas¬ 
holder ; any traces of moisture are removed by the drying- 
tube b. The gas is then lighted at the d end of the combus¬ 
tion furnace, so as to raise the copper oxide to a red heat. As 
burner after burner of the furnace is lighted the heat approaches 
the carbon, which on becoming red-hot commences to burn in 
the atmosphere of oxygen. If any traces of carbon monoxide, 
CO, are formed they are oxidised to CO, during their passage 
through the red-hot copper oxide. There escapes at d carbon 
dioxide gas mixed with the excess of oxygen. Any traces of 
moisture, either from the carbon or the copper oxide, are 
absorbed and retained by f. As the gas bubbles through g 
the carbon dioxide is completely absorbed. The drying-tube 
h is arranged for the retention of any moisture that might 
possibly be carried over from the potash bulbs c. The 
carbon being entirely consumed, the current of oxygen is 
maintained until the whole of the carbon dioxide is driven out 
of the tube cd ; the apparatus is then allowed to cool. The 
loss in weight of the platinum boat represents the'quantity of 
carbon consumed. The increase in weight of the tubes c and 
h gives the weight of carbon dioxide produced. The weight 
of the tube f furnishes a useful check on the freedom, or other¬ 
wise, from moisture of the carbon and copper oxide. With an 
apparatus of this kind Dumas made five combustions of natural 
graphite, four of artificial graphite, and five of diamond, with 
the result that 800 parts by weight of oxygen combined with 

299- 94 parts of natural graphite. 

?,99'95 .. artificial „ 

300- 02 „ „ diamond. 

From these figures, having a mean of 299-97, it was deduced 
that 2 atoms of oxygen, weighing 31-92, combine with 11-97 
parts of carbon to form carbon dioxide. 

136. Industrial Applications. — Carbon dioxide has 
been employed with considerable success for the purpose 
of extinguishing fires in underground coal-mine workings 
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These, if they take fire,*may remain burning for years, and 
thus be a source of great loss. Such a mine on fire has the 
whole of its openings stopped save two ; one of the*e is em¬ 
ployed as an exit, and through the other air which has passed 
through a coke fire is forced into the mine. Such air consists 
of a mixture of carbon dioxide and nitrogen gases, and 
effectually extinguishes the flame. Carbon dioxide is used, as 
already stated, in the manufacture of aerated beverages, which 
consist of either pure water, or water flavoured with various 
syrups and impregnated with this gas. Carbon dioxide is also 
almost universally employed for 'Jie purpose of aerating bread, 
being producedeither by fermentation within thedough.oradded 
in the form of a solution in water under pressure. Liquid car¬ 
ton dioxide, owingf to its great volatility at low temperatures, is 
employed as an agent for the production of extreme cold. 

137. Carbonic Acid and Carbonates.— Carbon dioxide 
possesses feebly acid properties when combined with water, 
and therefore is sometimes called carbonic anhydride. If a 
solution be made of carbon dioxide in water under pressure, 
and then the pressure immediately removed, the liquid be¬ 
comes milky through the escape of minute bubbles of carbon 
dioxide gas throughout the whole solution. But if the solu¬ 
tion is kept for some time and then released from pressure, 
the carbon dioxide is much more slowly liberated, and in big 
bubbles which escape at the sides of the containing vessel. 
The inference is that during the time the liquid has been 
standing, the mere solution has been changing into a state 
of chemical combination, according to the equation— 

C 0 2 + H ,0 = H 2 C 0 3 . 

Carbon dioxide. Water. Carbolic acid. 

The solution of carbon dioxide in water is therefore viewed as 
a true acid, although it is impossible to free it from sfti excess 
of water. Carbonic acid is very unstable, the gas being 
entirely expelled from water, either by boiling or freezing. 

Carbonic acid changes the colour of a blue solution of 
litmus to an intermediate port-winp tint, which is very different 
from the full red colour produced bv the stronger acids 
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Although carbonic acid is so feeble in character, it never¬ 
theless produces a stable and most important series ,of salts 
called carbonates. Being dibasic it forms both acid and 
normal carbonates; it is also one of those acids which fre¬ 
quently yield basic salts. Thus we have sodium carbonate 
Na./JO;,, and sodium bicarbonate, or acid sodium carbonate 
NaHC 0 3 . White lead (PbC 0 3 ) 2 ,Pb(II 0 ) lu has already been 
cited as an instance of a basic salt. 

The more vigorous bases, as potassium or calcium hydrates, 
combine directly with free carbon dioxide, forming carbonates. 
The already familiar test of,, carbon dioxide with lime-water 
depends on the utilisation of this reaction. A similar change 
proceeds during the setting of mortar, in which the free calcium 
hydrate slowly combines with carbon dioxide absorbed from 
the atmosphere. Other metallic hydrates—as, for example, that 
of copper—do not directly combine with carbon dioxide, but 
may be caused to form carbonates by the addition of a soluble 
carbonate to a solution of their salts. These carbonates are 
easily decomposed; that formed of copper under these con¬ 
ditions, separating into the hydrate and free carbon dioxide 
at the temperature of boiling water. With the exception of 
barium carbonate and those of the alkalies, all carbonates 
are decomposed on ignition into the oxide and carbon dioxide. 

The carbonates are all readily decomposed by almost any 
acid, with evolution of carbon dioxide and formation of a salt 
of the decomposing acid and the base. 

With the exception of those of the alkalies, the whole of 
the normal carbonates are insoluble in water; the acid- or 
bicarbonates of the metals of the alkaline earths (calcium, &c.) 
are soluble, being, in fact, only known in solution. If hard 
water, obtained 'from either chalk or other limestone formation, 
be boiled for from ten minutes to a quarter of an hour, the 
water will be found to have become slightly turbid, through 
the separation of calcium carbonate. The change which has 
occurred may be viewed as the following— 

CaH a (C 0 3 )j = CaCO a + H a O + CO a . 

Calcium bicarbonate, Calcium carbonate, Water. Carbon 

soluble. insoluble. dioxide. 
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The soluble bicarbonate will have been decomposed by 
the heat, and the insoluble carbonate precipitated. A more 
complete study of the same reaction is obtained by passing a 
current of washed carbon dioxide gas into some lime-water in 
a beaker. At first a precipitate of calcium carbonate is pro¬ 
duced ; with the continued passage of carbon dioxide this 
precipitate is re-dissolved, with the formation of the bicarbonate. 
At this stage, if the liquid be boiled, carbon dioxide is evolved, 
and the normal carbonate again precipitated. Instead of 
assuming that a soluble bicarbonate is formed by the con¬ 
tinued passage of carbon dioxide, as just described, it is some¬ 
times stated that calcium carbonate is soluble in excess of 
carbonic acid. Solubility in such a case is, however, most 
probably due to tht formation of a bicarbonate as explained. 

138. Hard and Soft Waters.- In the preceding para¬ 
graph reference has been made to ‘hard water’; the inference 
may be diawn that hardness is in some way connected with 
the presence of calcium salts in solution. It may be well to 
explain here what is understood by the terms ' hard ’ and 1 soft ’ 
when appliad to water, and to what these properties are due, 
Certain kinds of water when mixed with a very small quantity 
of soap immediately produce a lather, and the water acquires 
that peculiar feel to the hands known as ‘soapincss.’ Such 
water is termed ‘soft.’ Other waters when used with soap for 
washing purposes do not lather at all readily, and do not cause 
‘soapincss’ until a considerable quantity of soap has been 
consumed. When a lather is actually formed, there will be 
found on examination a layer of scum on the surface of the 
water. Such water is termed ‘hard.’ 

Without going into the details of the composition of soap 
and its reaction with water when used for washing, it may be 
explained that soluble salts of calcium and magnesihm de¬ 
compose soap, forming a precipitate which constitutes the 
previously mentioned scum found when washing with hard 
water. Consequently, if water containing calcium salts in 
solution is employed for washing, diffident soap must first be 
added to precipitate these salts before any is available for 
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cleansing; hence hard waters are neither so agreeable nor so 
economical for washing purposes. 

Thefprincipal calcium and magnesium salts found in water 
are the carbonate and the sulphate. As seen from a previous 
experiment, the carbonates may be precipitated by the act of 
boiling, and any hardness due to their presence may be thus 
remedied. Consequently any hardness produced by 
carbonates of calcium or magnesium is termed ‘ tempo¬ 
rary ’ hardness, because such hardnoss is removed by 
boiling. 

The sulphates and chlorides of calcium and magnesium 
are not precipitated by boiling, as their solution is caused by 
the water itself, and not by water plus carbon dioxide gas. 

Therefore hardnoss due to the presence of sulphates 
(or chlorides) of calcium or magnesium is termed ‘ per 
manent ’ hardness. 

The hardness of most waters is partly temporary and partly 
permanent; the two together constitute the total hardness of 
the water. 

The hardness of water is usually tested by taking a 
measured quantity of the water and adding thereto in a 
stoppered bottle a solution in alcohol of soap of a known 
strength. This is introduced in small quantities at a time 
from a measuring instrument, the water being well shaken 
after each addition. As soon as a lather is thus produced, 
which stands unbroken for five minutes, the quantity of soap 
solution which has been used is read off; from these data the 
total hardness is determined. A sample of the water is next 
boiled until the carbonates are precipitated ; then, after certain 
precautions, the hardness is again determined with the soap 
solution. This gives the permanent hardness ; the difference 
between the total and the permanent is the temporary hard¬ 
ness. * 

139. Processes of Softening Water.—Water may be 
softened to the extent of the removal of the temporary hardness 
by the act of boiling for sotne minutes. Potassium and sodium 
carbonates precipitate calcium and magnesium salts, and them- 
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selves possess detergent or washing properties; therefore these 
salts will remove all hardness, whether temporary or permanent. 
One of the characteristics of potassium and sodium cafbonates 
is the power they possess of imparting a soapy feel to pure 
water. Ordinary washing soda, or soda-crystal, is commercial 
sodium carbonate. 


140. Clark’s Water-softening Process.—A most 
interesting process for the softening of water is that bearing 
the name of Clark’s process. The process depends on two 
chemical reactions with which the student is already familiar, 
first, that calcium carbonate is no longer soluble in water 
from which the carbon dioxide gas has been removed; 
secondly, that lime forms an insoluble compound with carbon 
dioxide gas. To soften water by Clark’s process, lime-water 
is added in sulTicient quantity to exactly combine with the 
dissolved carbon dioxide gas. The whole of the lime, both 
that originally present in the water as carbonate and that added 
as hydrate, is precipitated, and the temporary hardness of the 
water is thus removed. The chemical reaction is represented 
in the following equations 


| CaCOj 

111 , 0 ,CO, + Call./), 

Solution of carbon Lime water 

dioxide in water (calcium 

(carbonic acid) hold- hydrate), 

inj? calcium carbonate 
in solution. 


= CaCO, 

= CaCO ;l + 2 H, 0 . 

Original calcium Water, 

carbonate, and 
also that formed 
from dissolved 
carbon dioxide 
and added calcium 
hydrate. 

Both insoluble. 


The precipitated lime is removed either by allowing it to 
subside or by filtration. 

The phenomena of temporary and permanent hardness, 
and also the various water-softening processes, may be further 
elucidated by the performance of the following seriesf of ex¬ 
periments, Procure some standard soap solution, such as is 
used for water analysis. (This may be prepared in the labora¬ 
tory, according to directions given in works on analysis, or 
may be purchased from dealers in dhemicals.) The following 
apparatus will be required: a burette, holding 50 c.c., and 
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stand; the end of a burette is slfbwn in the accompanying 
figure. The instrument consists of a glass tube, graduated 
througlfout most of its length, and with a spring clip arranged 
at the bottom. A pipette, holding 50 c.c., and a stoppered 
bottle, of about ten ounces capacity, are also requisite. 

Having cleaned the various apparatus, place the lower end 
of the pipette in some hard water and suck it up above the 


FlU. 38. - UuiiKTTK WITH Sl'KING 
('UP. 


lev el of the graduated mark round 
the stem. Place the thumb on the 



top, and let the water drop slowly 
fftjm the bottom until the gradua¬ 
tion mark is exactly reached. Then, 
by removing the thumb, allow the 
whole of the contents of the pipette 
to drain into the bottle. Rinse the 
burette with a few drops of the soap 
solution and then fill it above the 
zero mark at the top. Press the 
buttons of the spring clip and allow 
the solution to run out until the zero 
line is reached. Nextrfun the soap 
solution into the hard water in the 
bottle in quantities of about 1 c.c. 
at a time, shaking vigorously be¬ 
tween each addition, and noticing 
whether or not any signs appear of 
a permanent lather being formed. 


Continue this until, when the bottle is shaken and laid on its 


side, the lather does not break for five minutes. Make a 
note of the quantity of soap solution which has been used. 

Next take a light flask of about 250 c.c. capacity : place it 
on a balance and fill with the water until the water and flask 


together weigh exactly 200 grams. Set the flask over a Bunsen 
burner and boil the water for half-an-hour. At the end of that 


time place the flask again on the balance and make up to the 
weight of 200 grams by adding recently boiled distilled water. 
This is done in order to replace the water lost by evaporation. 
Filter off the precipitated calcium carbonate, let the water cool. 
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and determine the hardrffess in 50 c.c. precisely as before. 
The hardness now found is the permanent; that which has 
disappeared through boiling is the temporary. . 

To another portion of the hard water add sodium car¬ 
bonate (washing soda) until the water feels soapy to the touch; 
then test with soap solution, and notice that a lather is pro¬ 
duced by the addition of the first few drops. 

Prepare a solution of phenolphthalein by dissolving 1 gram 
of the substance in 30 c.c. of strong alcohol. Take a litre of 
the hard water; add a few drops of the phenolphthalein solu¬ 
tion and then pour in lime-water until the water acquires a 
flint pink tint. From 80 to 100 c.c. of lime-water will pro¬ 
bably be required. (The object of the phenolphthalein is to 
show the point whan a sufficient quantity of lime has been 
added, as the slightest excess causes in the presence of this 
substance a red colouration.) The pink tint may be again dis¬ 
charged by the cautious addition of a little more of the water 
until the colour just disappears. Let the water stand for a 
few hours, and a precipitate of calcium carbonate falls to the 
bottom. Determine the hardness of the clear water ; it should 
closely agre^with that softened by boiling. 

In softening water on the large scald the testing with 
phenolphthalein is performed, not on the whole bulk, but on 
small quantities taken out from time to time for the purpose 
of making the test. 

Carbon Monoxide. - Formula, CO. Molecular 
weight, 27 - 79 . Density, 13 ' 89 . Specific gravity, 
0 - 965 . 

141 . Occurrence.—Carbon monoxide dote not occur in 
the free state in nature, but is largely produced during the 
combustion of carbon in an incomplete supply of air. • Tints, 
when a coke or charcoal fire is glowing with a bright red heat, 
lamlrent blue flames may be seen hovering over the top. 
These are due to the combustion of carbon monoxide, formed 
within the burning mass of coke, jit may be assumed that at 
the lower part of the fire, where an upward current of air 
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enters, carbon dioxide is formed according to the following 
equation:— 

C + 0 3 = COj. 

Carbon. Oxygen. Carbon dioxide. 

This makes its way upwards through the red-hot carbon 
and becomes changed by reduction to carbon monoxide, and 
thus an inflammable gas is produced. That this change occurs 
may readily be proved by passing a current of carbon dioxide 
gas through a red-hot iron tube packed with fragments of 
charcoal. The issuing gas burns with a blue flame, and is 
produced according to the following equation :— 

C0 2 + C = 2CO. 

Carbon dioxide. Carbon. Carbon monoxide. 

142. Preparation. —In addition to' the reaction just 
described, carbon monoxide maybe prepared by heating within 
an iron tube a mixture of chalk (calcium carbonate) and 
charcoal. The chalk is decomposed into calcium oxide and 
carbon dioxide, which latter is converted by the charcoal into 
the monoxide. 

A mixture of carbon monoxide and free hydrogen is pro¬ 
duced in abundance by passing steam over or throtgh charcoal 
heated to bright redness :— 

C + I1 3 0 = CO + II,. 

Carbon. Water. Carbon monoxide. Hydrogen. 

For laboratory purposes the gas is most conveniently pre¬ 
pared by heating certain organic compounds with concentrated 
sulphuric acid. This body has a very great attraction for 
water, in virtue of which it decomposes many substances con¬ 
taining hydrogen and oxygen, and assimilates the water; the 
remaining atoms re-arrange themselves into whatever other 
compounds are possible. Oxalic acid, when thus treated, is 
split up,into water, carbon dioxide, and carbon monoxide :— 

H 2 CA = H 3 0 + C0 3 + CO. 

Oxalic acid. Water. Carbon dioxide. Carbon monoxide. 

Equal volumes of carbon monoxide and dioxide are thus 
produced. Pure carbon monoxide may be obtained by passing 
the evolved gas through one or more wash Irottles containing a 
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concentrated solution of «austic potash, by which all carbon 
dioxide may be absorbed, with the formation of potassium 
carbonate. , 

Formic acid, on being similarly heated with concentrated 
sulphuric acid, yields pure carbon monoxide, according to the 
following equation :— 

HCIIOj = II 2 0 + CO. 

Forntic acid. Water. Carbon monoxide. 

Another method is to heat potassium fcrrocyanide (yellow 
prussiate of potash) with sulphuric acid ; the change occurring 
is complicated :— » 

K,FeC 6 N< + 0II,SO 4 + 011,0 = 

Potassium fcrrocyanide. Sulphuric acid. Water. 

2KjS 0 4 + KcS0 4 + 8(NH,),SO., + GCO. 

Potassium sulphate. Ferrous sulphate. Ammonium sulphate. Carbon 

monoxide. 

When the monoxide is required in a state of absolute purity 
the former of these two reactions is the preferable. The latter 
yields the gas in large quantities, but usually accompanied by 
traces of carbon dioxide as an impurity. With theferrocyanide 
no gas is evrjved until the mixture is heated to a high tem¬ 
perature ; but when the evolution of gas once commences, it 
proceeds with very great rapidity. Hence it is necessary to 
use a large flask provided with wide delivery-tubes. 

143. Properties.— Carbon monoxide is a colourless gas ; 
it has a slight oppressive odour, and is extremely poisonous, 
producing a painful headache even when present in small 
quantities in air. It is but slightly soluble in water: 100 
volumes dissolves 2-434 volumes of the gas at 15 0 C. It 
liquefies only under very great cold and presgure. Carbon 
monoxide is inflammable and a non-supporter of combustion; 
when burned its own volume of carbon dioxide is produced, 
half of its volume of oxygen being required :— 

2CO + 0 2 2CO s . 

Carbon monoxide. Oxygen. Carbon dioxide. 

This gas is devoid of acid properties, and consequently is 
without action on lime-water; so that if a jar of carbon mon- 
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oxide have some lime water added awd then be shaken, no tur 
bidity is produced. Hut if a light be applied, and then, when 
the combustion is completed, the jar again be shaken, the lime- 
water is turned milky by the carbon dioxide formed by the 
burning of the gas. 

Carbon monoxide acts as a powerful reducing agent, and is 
frequently used in metallurgical operations for the production 
of metals from their oxides. Thus on passing carbon mon¬ 
oxide over red-hot copper oxide, reduction occurs with the 
formation of carbon dioxide :— 

CuO + CO = Cu + CO,. 

Copper oxide. Cstrbon monoxide. Copper. Carl inn dioxide. 

Owing to the carbon of carbon monoxide having an 
unsaturatcd valency of two, this compound enters very readily 
into further combination. Tints, as we have seen, the dioxide 
is readily formed by its union with an extra atom of oxygen 
under the influence of sunlight; carbon monoxide unites with 
an equal volume of chlorine, forming carbonyl chloride , or 
phosgene gas :— 

CO + Cl, = COG,., 

Carbon monoxide. Chlorim*. Phosgene gas. 

Carbon monoxide also enters directly into combination 
with potassium hydrate when heated with it, forming potassium 
formate 

CO + KHO = KCIIO,. 

Carbon monoxide. Potassium hydrate. Potassium formate. 

144. Industrial Applications. — Indirectly, carbon 
monoxide, as just stated, fulfils important functions in various 
metallurgical operations. Thus, in roasting copper ores at 
Swansea, anthracite coal is used. This form of coal is approxi¬ 
mately -pure carbon, and when burned in the furnace yields 
carbon monoxide, which in passing over the ore exerts a re¬ 
ducing action. 

In iron-smelting by means of the blast furnace, enormous 
volumes of carbon monoxide arc formed, and formerly used to 
burn at the top of the furnace. Th ! s carbon monoxide is now 
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collected and used as a fu?l for the purpose of heating the air 
employed as a hot blast, 

145. Composition.— The composition of carbon monoxide 
by volume may be determined by means of the eudiometer 
shown in fig. 39. Into this eudiometer a given quantity- say 
twenty volumes—of carbon monoxide is introduced. In every 
case, prior to reading the volume, 
the mercury in the two limbs must 
be brought to a level, cither by 
adding through the top of the riglu- 
hand limb or withdrawing some of 
the metal by means of the stop¬ 
cock c. In the next place, twenty 
volumes of pure oxygen are added, 
the open end is firmly closed with 
the thumb, and an electric spark 
passed through the wires a, b. The 
forty volumes of gas will now be 
found to have become thirty volumes. 

A small quality of potassium hy¬ 
drate solution must be added; 
this will absorb the carbon dioxide 
formed, and a diminution of twenty 
volumes will result. The remaining 
ten volumes consist of oxygen, a fact which may be proved by 
the addition of pyrogallic acid, by which, in the presence of 
potassium hydrate, oxygen is rapidly and completely absorbed. 
We thus find that twenty volumes of carbon monoxide have 
combined with ten volumes of oxygen, and have produced 
twenty volumes of carbon dioxide. This fact agrees with the 
molecular equation already given. 
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CHAPTER XH 

HYDROCARBONS AND COMBUSTION 

X46. Hydrocarbons. —The compounds of r.irhon with 
hydrogen arc known as hydrocarbons, or hydrides of carbon. 
These bodies are exceedingly numerous, and as most of them 
arc distinctly of organic origin, their study is usually undertaken 
as a part of organic rather than inorganic chemistry. Only 
the following simple and important hydrocarbons will receive 
attention in this work :—■ 

Marsh Gas, Light Carburetted Ilydrogon, or Methyl 
Hydride.CH,. 

Acetylone. C 3 H 2 , 

Olefiant Gas, Heavy Carburottod Hydrogen, or 
Etheno . C, 1 I 4 . 

Marsh Gas, Methyl Hydride.- Formula, CH, 
Molecular weight, 15 91. Density, 7 95. Specific 
gravity, 0'552. 

147. Occurrence. -This gas is evolved during the de¬ 
composition of dead vegetable matter; hence is found in 
marshy districts, and has thus received its common name of 
marsh gas. On watching stagnant water, bubbles of the gas 
may be scon to arise, and may be collected by inverting a gas 
jar, filled with water, in the pool. During the changes which 
have occurred, as coal has been formed from vegetable growths, 
marsh gas has also been evolved, and has remained imprisoned 
within cavities of the coal itself. As the coal is removed by 
the miner, the gas escapes from these cavities into the mine, 
and mixing with the air forms the explosive mixture which has 
been the cause of so many terrible colliery accidents. Th( 
collier knows this gas as ‘ fire-damp.’ 

148. Preparation.—Marsh gas may he prepared by heat 
ing together a mixture of sodium acetate and caustic sod.' 
when the following reaction occurs :— 
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NaC,H ; , 0 , + NaHO = Na 2 C 0 3 Cl I ,. 

Sodium Caustic Sodium Marsh 

acetate. soda. carbonate. gas. 

• 

For this purpose it is well to employ, as a retort, an iron 
tube closed at one end. The open end is fitted with a cork 
and delivery-tube from which the escaping gas is collected. 

149. Properties.— Marsh gns is a light, colourless gas, 
and has consequently received the name of light carburcttcd 
hydrogen. It is not a supporter of combustion, but burns with 
a non luminous flame, something like that of hydrogen, but 
slightly tinged with yellow. Mixtures of either air or oxygen 
with this gas explode violently on ignition, carbon dioxide and 
water being formed as products of the combustion or explosion. 
The carbon dioxide and nitrogen thus produced from marsh gas 
and air arc known by the miner as 1 choke-’ or 1 after-damp.’ 

Until recently, marsh gas was viewed as a permanent gas, 
hut, in common with hydrogen and other gases, has now been 
liquefied. 

150. Composition by Volume.— The composition of 

this gas may ascertained by explosion with excess of oxygen 
in the eudiometer. If ten volumes of marsh gas be mixed 
with twenty-five volumes of oxygen there will be found, after 
explosion, at a temperature above too 0 C., thirty-five volumes 
of gas. On cooling to normal temperature the volume of gas 
contracts to fifteen ; there must therefore have been present 
twenty volumes of water vapour. On introducing caustic 
potash a further absorption of ten volumes occurs, showing 
that ten volumes of carbon dioxide have been formed. The 
residual five volumes of gas are found on examination to be 
oxygen. One volume, therefore, of this gas requires for its 
combustion two volumes of oxygen, and produces one volume 
of carbon dioxide and two of water vapour. • 

Remembering that by Avogadro’s law the molecular volume 
of all gases is alike, and that the molecule of hydrogen contains 
two atoms, then as two volumes of the gas yield two volumes 
of carbon dioxide, or one molecule yields a molecule of carbon 
dioxide, one molecule of marsh gas contains one atom of 

N 1 
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carbon. Again the two volumes d.' marsh gas produce foui 
volumes of water vapour—that is, one molecule of marsh gas 
yields tyro molecules of water; and as each molecule of water 
contains two atoms of hydrogen, the molecule of marsh gas 
contains four atoms of hydrogen; the formula must consequently 
be CH 4 . 

151. Composition by Weight.— The composition by 
weight is ascertained by passing a known volume of marsh gas 
through a combustion-tube containing red-hot copper oxide. 
Carbon dioxide and water are formed, and are absorbed in 
weighed tubes containing respectively calcium chloride, which 
absorbs the water, and caustic potash, by which the carbon 
dioxide is retained. The increase in weight gives the amounts 
of these two bodies formed from the marsh gas. In an experi¬ 
ment a volume of CM,, equivalent to 1000 c.c. at N.T.P., was 
passed over red-hot copper oxide ; there were produced r6ji 
gram of water and 1 "965 gram of C 0 . 2 . From these data the 
composition of the gas is thus calculated :— 

Weight of 1000 c.c. = 0-08986 x 7'95 (density) = 0714 gram. 

, - 1 rode X 12 

Weight of carbon = = 0 556 gram. 

44 

Weight of hydrogen = -■—— = 0-179 gram. 

From these numbers the percentage composition may be 
calculated in the manner already explained. 

The simplest possible formula may be determined thus:— 

— ^ = 0-044) Numbers in ratio of the 
1 number of atoms of 
79=0-179] car j, on arK j hydrogen. 


0/044 

C044 


= 1 of C 


0-179=4 of II 


0-044 


Lowest number of atoms 
of C and H in the 
molecule. 


The simplest possible', formula of marsh gas must be, from 
this experiment, CH 4 . Whether or not this is the true mole- 
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cular formula may be determined by calculating the density from 
the formula, C H ,. 

_ molecular weight = C. 12 + H,, 4 = 16 •„ 

Density =-- -— 1 -= 0. 

This number agrees with the density as determined by experi¬ 
ment ; and therefore Cll, is the correct molecular formula. 

Acetylene. —Formula, C.H.. Molecular weight, 25 83 
Density, 12-91. Specific gravity, 0-897. 

152. Occurrence. —Acetylene is produced during the com¬ 
bustion of many hydro-carbons in a limited supply of air. Thus, 
when a Itunsen burner lights at the bottom of the tube, acetylene 
is produced in considerable quantity.* 

153. Preparation.— lly the direct union of carbon and 
hydrogen at a high temperature acetylene may be formed. The 
most convenient method ol thus preparing the gas is by passing a 
current of electricity, from a powerful voltaic battery, through two 
electrodes of carbon enclosed in a glass llask containing hydrogen. 

Acetylene is now manufactured on a somewhat extensive scale, 
for illuminating purposes, by the action of water on calcium 
carbide — 

C’aC a + 211,0 = C 2 If, + Ca(llO),. 

Ciilciuw carbide. Water. Acetylene. Calcium liydmte. 

The calcium carbide is manufactured by the fusion together, ill an 
eicctiic furnace of calcium oxide (lime) and carbon— 

CaO + SC = CaC, + CO. 

Lime. Carbon. Calcium cai bide. Carbon monoxide. 

154. Properties.— Acetylene is a gas possessing a peculiar 
and disagreeable odour ; it is a non-supporter of combustion, and 
burns with a bright and luminous flame. 

155 - Composition. —The composition, both by volume and 
by weight, of this gas may be ascei turned in precisely the same 
manner as that of marsh gas. Acetylene consists of two volumes 
of carbon 1 combined in the molecule with two of hydrogen, and 
therefore has the formula C 2 11 ,. 

Ethylene, Ethene, Olefiant Gas, or Heavy Carbu¬ 
retter! Hydrogen.— Formula, C,H,. Moloeular'weight, 
27 82. Density, 13-91. Specific gravity, 0-908. 

156. Occurrence. —This gas is one of the most important 
constituents of coal-gas, being formed when the coal is subjected 
to destructive distillation. 

' Although free carbon is practically unknown in the gaseous state, yet 
t must exist in a gaseous form when in combination, forming a gaseous 
roily. Therefore it must be assumed to follow the usual laws of gaseous 
relumes when present in compound gaseous bodies. 
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157. Preparation.—Ethylene is most readily prepared by 
the action of concentrated sulphuric acid on alcohol, when the 
acid abstracts the elements of water from the alcohol. 

c 2 h,iio = c 2 ij 4 + n .a 

Alcohol. Ethylfiic. Water. 

For this [impose a mixture of one part of alcohol with five 
[inrts of concentrated sulphuric acid is gently heated in a large 
glass flask. Ethylene is readily evolved and may be collected 
in jars over water. 

158. Properties.— Ethylene burns readily with a bright 
luminous flame, evolving at the same time considerable quan¬ 
tities of smoke. The gas, on being mixed with air or oxygen, 
explodes violently. 

Ethylene combines directly with chlorine to foim an oily 
liquid of the composition C 2 1 I 4 C 1 2 . 

Cjii 4 + ci* = c a ii 4 ci 2 . 

* Ethylene. Chhirinc. Ktliyleuc tlidilur’nlc. 

X59. Composition.- The coni[)0sition by volume of ethy¬ 
lene is determined by exploding the gas with excess of oxygen 
in a eudiometer, 't hus, if ten volumes of ethylene lie taken 
and forty volumes of oxygen added, there will be found after 
explosion, the temperature being maintained above 100° C., 
fifty volumes of gas; that is to say, the volume lemains un¬ 
altered. On cooling, the volume contracts to thirty, showing 
that twenty volumes of water gas have been produced. The 
addition of caustic potash causes an absorption of twenty 
volumes, showing that that amount of carbon dioxide has been 
formed. The residual ten volumes of gas arc found on testing 
to be oxygev. One volume, therefore, of ethylene produce 
on combustion two volumes of carbon dioxide and two volumes 
of wa ( ter. Applying, as in the case of marsh gas, Avogadro’s 
law, one molecule of ethylene yields two molecules of carbon 
dioxide and two molecules of water; therefore the molecule of 
ethylene must contain two atoms of carbon and four of hydro¬ 
gen, and its formula must,he C 2 II 4 , 

By passing a known volume of ethylene over red-hot copper 
oxide, and collecting and weighing the resultant water and 
carbon dioxide, the composition by weight may be determined. 
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Thus 1000 c.c. at N.T.P.,Slaving been thus treated, there will 
have been formed 1-609 gram of water and 3-934 gram of 
carbon dioxide. , 

Weight of 1000 c.c. - 0-08986 x 13-9 (density) = 1"e.(8e 
gram. 

Weight of carbon = — 1-0729 gram. 

Weight of hydrogen = 1 x 3 = 0 j 7^8 gram, 
r 8 

The percentage composition m*ay be readily calculated from 
these numbers. 

The simplest forjimla may be thus deduced 
1-0729 

=0-0894 Numbers in ratio of the num- 
her of atoms of carbon and 
° 1 | i5 "=o , i7SS hydrogen. 

00894 

o-oS94~ 1 0 ' Lowest number of atoms of C 
01 78^ 20 (-jj and H in the molecule. 

0-0894 

The simplest possible formula is therefore CH„. Whether 
or not this is the true molecular formula may be determined 
by calculating the density according to this formula : - 

Tensity - molecul ar w eight = C, rz -t H 2 , 2 = 14 
2 

But the density as determined by direct experiment is 14; 
therefore the molecular formula must be just double CH 2I that 
is to say, the molecule is represented by C 2 1 I,. 

160. Combustion of Marsh Gas, Acetylenfe, and 
Ethylene. —The combustion of these three bodies affords 
some interesting examples of the laws of combination by 
volume. Subjoined are the molecular equations representing 
the reactions which occur, together with those of some other 
examples of combustion already familiar to the student. 
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CI 1 , 

+ 

8 

1! 

O 

<M 

+ 

211,0. 

Marsh gas. 
One volume. 

Two volumes. One volume. 

Two volume*. 

• 2 C,H a 

+ GO, = 4 CO, + 

211,0. 

Acetylene. 
Two volumes. 

Five volumes. Four volumes. 

Two volumes. 

c 2 n, 

+ 80 , = 2 CO, + 

2 H, 0 . 

Ethylene. 
One volume. 

Three volumes. Two volumes. 

Two voluinti 


c 

+ 0 , = 

r. 

p 

Cat bou. 

One volume. 

One volume. 

2 C 0 

+ 

0 

i! 

2 C 0 ,. 

Carbon motiuxiil 
Two volumes. 

e. Oiic«% ohmic. 

Two volumes. 

2H a 

+ 

p 

1! 

211 , 0 . 

Hydrogen. 
Two volumes. 

One volume. 

Two volumes. 

H, 

+ 

0 

li 

2110. 

Hydrogen. 

One volume. 

Two volumes. 


One volume. 

These equations show very clearly the relation which exists 
between the volumes of gases and the respective volumes of 
oxygen required for their combustion. They afford additional 
illustrations of the method of deducing these quafitities from 
the molecular equations. As gaseous molecules are as¬ 
sumed (at the same temperature and pressure) to occupy 
the same space, it follows that the number of mole¬ 
cules of any gas participating in a chemical change 
represents the number of volumes of the gas concerned. 

161. Nature of Combustion.— Everyone is familiar with 
the general idea of combustion as an act of burning. We may 
now inquire a little more closely into what is understood by 
this term. It has already been incidentally remarked that heat 
is produced when combination occurs between two substances; 
for instance, the addition of water to sulphuric acid causes a 
considerable elevation of temperature, because the water and 
acid unite with each other. There are many other cases in 
which the heat evolved is much more intense, as, for example, 
when phosphorus combiner with oxygen. Whenever the 
heat caused by chemical union is sufficiently intense 
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to raise the resultant substancos to a temporaturo at 
which they omit light, the act of union is termed 
'combustion.’ The teim has gradually come to.receive a 
somewhat wider application; thus certain processes of decay, 
and also the chemical changes which produce animal heat, are 
cases of combination with oxygen. Such chemical actions are 
frequently termed instances of ‘slow ’ combustion. 

162. Inflammable Bodies and Supporters of Com¬ 
bustion. —The substances participating in the act of combus¬ 
tion are classified into inflammable bodies on the one hand, 
and supporters of combustion on the other. Thus, when 
hydrogen burns in oxygen, the hydrogen is said to be inflam¬ 
mable, and the ‘oxygen a supporter of combustion. The 
terms ‘ eombustiblo ’ and ‘ supporter of combustion ’ are, 
howevor, puroly relative. We happen to live in an atmo¬ 
sphere of which oxygen is the active ingredient; when a jet of 
hydrogen is burned, what takes place is that at the orifice of 
the jet the hydrogen and the oxy gen come in contact and com¬ 
bination ensues. If the atmosphere consisted of hydrogen, 
then that element would be classified as a supporter of com¬ 
bustion, and oxygen and similar bodies would be inflammable 
substances. Experiment readily demonstrates that oxygen 
burns in an atmosphere of hydrogen. Thus, if a large glass 
globe, such as is used for the combustion of phosphorus in 
oxygen, be filled with hydrogen gas, and arranged mouth down¬ 
wards, a jet of oxygen may be burned within it. For this 
purpose a bladder, or small gas-bag, of oxygen must have 
attached to it, by means of india rubber tubing, a piece of glass 
tube drawn out into a jet. This bag must be weighted so 
that a gentle stream of oxygen issues. The hydrogen must 
then be lighted at the mouth of the globe, and the jet of oxygen 
steadily introduced. The oxygen will he ignited at the flame 
of the burning hydrogen, and as it is pushed up into the globe 
will continue to burn, showing clearly that oxygen burns in 
an atmosphere of hydrogen. The same experiment may be 
performed with coal-gas and air.; 

It is seen, therefore, that, for combustion to occur, contact 
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of the two substances is necessary, ft is a matter of indiffer¬ 
ence which of the two envelops the other. But oxygen being 
so widely,, distributed, and the essential constituent of the 
atmosphere, it and like bodies are classified as supporters of 
combustion ; while hydrogen and bodies of similar character 
are termed inflammable. 

163. Explosion. —When two substances, the one inflam¬ 
mable and the other a supporter of combustion, are intimately 
mixed with each other, on ignition combination occurs with 
extreme rapidity. The heat developed enormously increases 
the pressure of the gases produced as a result of the chemical 
action, and these give the surrounding air such a severe shock 
as to cause a loud detonation. Extremely rapid combus¬ 
tion, attonded with more or loss noise, is tormed explo¬ 
sion. The mixture which thus explodes is termed an explosive 
body. If explosive mixtures be confined and then exploded, 
the resultant pressure may shatter the containing vessel. The 
explosive force of gunpowder is thus utilised for destroying 
large masses of rock. A hole is bored in the rock, filled with 
the powder, and then ignited, with tire result of shattering the 
rock into fragments. The great pressure exerted by*exploding 
gunpowder is employed in guns for the purpose of propelling 
the bullet. Another interesting example of explosive force 
being utilised is that of the gas engine, in the cylinder of which 
a mixture of gas and air is caused to explode. The piston is 
driven forward by the force of the explosion. 

164. Heat of Combustion. —Not only do substances in 
burning give out heat, but the amount of heat evolved by 
the combustion (combination with oxygon) of a given 
weight of any* substance is always tho same. Thus, 
whether the substance be burned slowly or rapidly, provided 
it is burned to the same products of combustion, the total 
amount of heat generated never varies. The following table 
gives the number of heat-units evolved by the combustion re¬ 
spectively in oxygen andchlorine of one gram of each substance. 
The student is reminded tlpit a heat-unit is the quantity ol 
heat necessary to raise one gram of water from o° to i° C- 
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In oxygen. 

In chlorine. 

Substances 

Heat-units 

Ileatjiinits 

Hydrogen 

■ 34,462 

24,087 

Carbon . 

8,080 


Sulphur . 

2,2:0 


Thosphorus . 

• 5,747 

3,422 (?) 

(,'arbon monoxide . 

■ 2,634 


Marsh gas 

• 13,063 


Olefiant gas . 

• 11,912 


Alcohol . 

6,909 



Of tin: elements, hydrogen develops by far the greatest 
amount of heat on combustion, the next place being taken by 
carbon. Of the various compounds of carbon it will be 
observed that carbon monoxide, during its further combustion 
to the dioxide, evolves a considerable quantity of heat. It will 
be of interest to compare the amount of heat evolved in the 
two stages of oxidation of carbon. As carbon monoxide con¬ 
tains, according to its formula, but ',5 of its weight of carbon, 
it is evident that one gram of carbon would yield gram of 
carbon monoxide, and consequently, that one gram of carbon 
as monoxide would, in its further oxidation to carbon dioxide, 
evolve 

2634 * “rheat-units. 

12 

Hut the total number of beat-units evolved by the complete 
combustion of carbon is only 8080. Therefore one gram of 
carbon evolves in oxidation to the monoxide 
8080-6146=1934 heat-units, 

and during further oxidation to the dioxide, 6146 heat-units. 
The student is already aware that when the carbon dioxide 
formed in a fire of carbon passes upwards through red-hot 
carbon, it is reduced to the monoxide, which in its turn burns 
on the upper surface of the fire, where there is free access 
to air. Whenever carbon is burned with a limited supply of 
oxygen, as where a draught of &ir is drawn through a furnace 
containing large quantities of coke or other form of carbon, 
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the monoxide is the chief product of combustion. This can¬ 
not burn until it reaches the air, and accordingly in the older 
forms of furnace used in metallurgical operations, particularly 
the blast furnace used for the smelting of iron ores, enormous 
quantities of carbon monoxide were formed and allowed to 
burn to waste on the tops of the furnaces. The value of this 
gas as a fuel is now recognised, and it is consequently drawn 
off from the upper part of the furnaces and utilised for heating 
purposes. 

165. Temperature of Combustion. Although the 
absolute amount of heal produced by the combustion of a 
unit weight of hydrogen, for example, is always the same, yet 
the temperature produced may vary within wide limits. Thus, 
first of all, if within a given space, hydrogen is caused to burn 
in one instance at twice the rate of another, it follows that, as 
a greater number of units of heat are evolved in the same period 
of time, tiie temperature of that space will be raised propor¬ 
tionately higher. There are other causes which influence the 
temperature produced by combustion ; for example, a jet of 
hydrogen, which burns the same number of cubic,feet per 
hour, produces flame of much higher temperature when it 
burns in oxygen than it does when burning in air. If 2 grains 
of hydrogen are burned in oxygen, the heat evolved has to 
raise the temperature of the 18 grams of water produced. But 
if the oxygen is obtained from air, then not only have there to 
be heated the 16 grams of oxygen in the water produced, but also 
the 53'5 grams of nitrogen with which it, the oxygen, was mixed. 
The same number of units of heat are in the one case spread 
over 18 grams; in the other over 18 -f 53'5 = 71'5 grams of 
gaseous matter; it follows that the temperature in the first 
instance must be very much higher than in the second. 

166. Lflminosity of Flame.— 1 he student will probably 
think it strange that, although the temperature of the flame of 
hydrogen burning in oxygen is the highest due to combustion, 
yet the flame is almost absolutely devoid of luminosity. The 
reason is that gases—and esitecially those of low density— 
radiate very little light even when intensely hot, while solids at 
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a much lower temperature emit light most abundantly. This 
is strikingly illustrated by inserting some solid substance in the 
oxyhydrogen flame ; if the flame from the oxyhydrogen blow¬ 
pipe is caused to impinge on a piece of lime, the light emitted 
is one of the most intense known, and constitutes the well-known 
lime-light. It is here the solid substance which radiates so 
much light, although its temperature must be lower than that 
of the oxyhydrogen flame by which it is heated. 

The various inflammable hydrocarbons burn with different 
degrees of luminosity; marsh gas and alcohol emit Imt very 
little light; olefiant gas, on the other hand, burns with a very 
luminous and smoky flame. As a general rule, the heavier 
hydrocarbons produce more light in burning than those which 
are less dense. . During the combustion of such a body as 
olefiant gas, the hydrogen, being more inflammable, seizes first 
hold of the oxygen, and more or less of the carbon is liberated 
cither in the free state or else as vapour of exceedingly dense 
hydrocarbons. The finely divided particles of carbon or 
dense hydrocarbons, as the case may be, arc heated by the 
burning hydrogen and by abundantly emitting light impart 
luminosity to the flame. 

167. Structure of Flame.-—'i'lie actual structure of a 
flame may be studied by observing a jet of coal gas burning 
from the end of a round pipe, such as at a in fig. 40. 

In the interior of the flame there is a jet of unburnt 
gas, marked a, a in the figure, and appearing black 
by contrast with the surrounding brighter portions of 
the flame by which it is enveloped. This bright or 
luminous zone, / e,g, is that portion of the flame in 
which combustion of the hydrogen is proceeding, the 
unburnt carbon being thereby heated to die point at 
which it emits light. In such a burner as is figured, 
there will he seen ascending from the upper portion 
of this zone a stream of smoke, consisting of carl ion, 
which altogether escapes combustion. Outside / e,g 
there may be distinguished another envelope, h, c, d t 
scarcely at all luminous, and much resembling the flame of 
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burning hydrogen. This outer zona is that in which there 
is an ample supply of atmospheric oxygen, and consequently 
complete combustion : this is the hottest part of the flame, 
although the absence of solid particles causes it to be almost 
non-luminous. 

The same divisions of the flame occur in a candle ; only in 
that case the dark interior portion consists of the solid matters 
of the candle, first melted, then drawn up into the heart of the 
flame by thecapillary attraction of the wick, and finally vaporised 
by the heat of the flame. 

168. Bunsen's Gas-burner.— When a gas flame is re¬ 
quired for heating purposes only, it is desirable to attain the. 
most perfect combustion possible. This end is accomplished 
by causing an admixture of air with the ‘gas before it is 
burned. The gas-burner invented by Bunsen is familiar to 
every chemical student. Examination shows that at the bottom 
of the upright tube are two or more holes communicating with 
the air; on unscrewing this tube a small jet is seen within, 
from which the gas emerges. The air-holes may be wholly or 
partly closed by turning a ring which is fixed around them. 
If these holes be closed, the gas issues from the top of the 
burner in a comparatively slow current, and, on being lighted, 
burns with a luminous and smoky flame. If used for heating 
purposes, the flask or other vessel heated is soon coated with 
soot. On opening the air-holes the flame becomes almost 
non-luminous, and from its appearance is seen to cons'st of 
a much more rapidly issuing current of gas. The coal gas 
emerges at the same rate, but carries with it a considerable 
volume of air, which has entered through the air-holes. This 
flame is smokeless, and heats a flask more rapidly than would 
the luminous flame from the same burner. 

169. Blowpipe Flame. — The effect of converting a 
luminous flame into one devoid of light, but possessing con¬ 
siderable heating powers, is also obtained by blowing a current 
of air from a jet into the flame. The instrument employed for 
this purpose is termed a blowpipe, and is constructed in several 
forms, two of which are shown in fig. 41, 6 and c; but for 
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laboratory use the conicSl form devised by Black is the most 
convenient; it is represented in fig. 41, a. The conical tube 
is preferably of brass, and has a bone or ivory mouthpiece at 
the smaller end ; the other is closed, and near it, through the 


Fir.. 41. 




side of the tube, a smaller one projects, to the end of which 
the jet is attached. The moisture of the mouth collects, while 
blowing, in the end of the cone instead of being blown out 
through the jet. In using a blowpipe the air must be forced 
out by the cheeks, and not from the lungs. 

A blowpipe may be used with either a spirit or oil lamp, 
but in all cases where gas is obtainable it wiM be found most 
convenient. A suitable form of (lame is obtained by the use 
of a jet to be dropped inside the tube of a Bunsen burner, or 
a tube with the same shaped orifice is sometimes made to 
screw on to the base of the bunsen (as in fig. 42), instead of 
the ordinary brass tube, which is first unscrewed. With a tube 
of.this kind the ring must be turned so as to shut off the air at 
the bottom of the burner. 
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Fig. 4a. 
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There are two varieties of blowpipd flame, known respectively 
as the ‘rodueing’ and • oxidising’ ilames, from their action 
on oxide§ and metals. The reducing dame is shown in fig. 
42. To produce it, the jet of the blowpipe must be held just 

outside the flame, and the 
instrument blown through 
gently ; the flame should ap¬ 
pear of a luminous yellow 
tinge, through its still contain¬ 
ing unoxidised carbon. This 
exerts a powerful reducing 
action, the carbon combining 
with the oxygen of many 
oxides when placed in it. An ‘oxidising’-flame (fig. 43) is 
produced by placing the blowpipe jet within the flame, and 
blowing rather harder. The flame should be sharply defined. 

K . The point of the 

fine blue cone in 
the middle of the 
flame is the region 
of greatest heat. 
Slightly beyond this 
1 there is an excess of 
air, and this readily 
yields oxygen to any 
substance capable of combining with it. The oxyhydrogen 
blowpipe is a modification of the ordinary instrument, in 
which a stream of oxygen is employed instead of ordinary air, 
hydrogen being taken as the fuel instead of coal-gas. This 
instrument has already been described in Chapter III., in 
which an illustration of the oxyhydrogen blowpipe (fig. n) 
is also given. By means of this blowpipe, platinum and other 
most refractory substances may be reduced to the liquid state. 



170. Lamp Chimneys.— The effect of the lamp chimney 
of a petroleum or Argand gas lamp is apparently just the 
opposite of that produced by the Bunsen burner. If either 
of these he lighted, it burns 'with a dull, smoky flame, but on 
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fixing the chimney the dame becomes smokeless and much 
more luminous. The first result of the action of the chimney 
is to draw a current of air up around the flame (in the case of 
the Argand through the interior as well as the exterior). That 
this produces greater brightness is, at first sight, contradictory 
to what has already been seen of the effects of air in the 
Bunsen burner. But with the lamp-chimney the air is drawn 
up, not into the flame, but surrounding it; the effect of this is 
more complete and intense combustion in the outside zone of 
the flame; consequently the luminous envelope is heated more 
intensely and emits more light.. The brisker current of air 
causes also the complete consumption of the smoke. If the 
current of air be too rapid, the brightness of the flame is 
thereby diminished, for with excess of air the envelope of 
complete combustion is unduly enlarged at the expense of 
that of luminosity ; the flame, in fact, partakes more or less of 
the character of that of the bunsen. That in some cases the 
chimney causes too great a draught may be readily seen by 
partly closing the top, by placing on it a small piece of tin¬ 
plate. This lessens the draught, and very frequently causes 
the flame t» increase in size and emit more light. 

171. Chlorides of Carbon.- Chlorine and carbon can¬ 
not be made to directly combine; in fact, as already stated, 
charcoal is purified from traces of hydrogen by passing chlorine 
over the charcoal when red-hot. Hydrochloric acid is formed, 
but the carbon is unaltered. By acting on marsh gas with 
chlorine, it is possible to displace successive atoms of hydrogen 
by chlorine, until finally carbon tetrachloride, CC 1 ,, is pro¬ 
duced. This change takes place on exposing a mixture of the 
two gases to direct sunlight. Carbon tetraiVhloride is also 
formed when a mixture of chlorine and carbon disulphide 
vapour is passed through a red-hot tube— , 

CS s + 8 C 1 2 = CC 1 , + S 2 CI 2 

Carbon disulphide. Chlorine. Carbon tetrachloride. Sulphur chloride. 

The two are separated by the action of sodium hydrate, which 
decomposes the sulphur chloride. Carbon tetrachloride is a 
very stable compound, and is a colourless liquid, sp. gr. 1 -6, 

0 
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boiling-point, 77° C. It possesses a' pleasant ethereal odour, 
and behaves somewhat like chloroform, CHC 1 3 , which is one 
of the intermediate products of the chlorination of marsh gas. 
While the tetrachloride corresponds with marsh gas, there is 
another chloride, CjC!„ corresponding to ethylene, C S H,. A 
third chloride is carbon hexachloride, C a Cl 6 . These chlorides, 
although distinctly inorganic, are so closely related to organic 
bodies, that their fuller investigation is usually treated as a 
section of organic chemistry. 


CHAPTER XIII , 

NITROGEN AND THE ATMOSPHERE 

Nitrogen.-Symbol, N. Atomic weight, 1393 . 
Density, 13 93 . Specific gravity, 0 ' 967 . Molecular 
weight, 27 ' 86 . 

X72. Occurrence. —Nitrogen exists in the free state in 
the atmosphere, in combination with oxygen and metals in 
certain native nitrates, and also is an essential constituent of 
many organic compounds. 

173. Preparation.— There are several methods of pre¬ 
paring this gas, based on the removal of oxygen from the air 

by bodies having an affinity 
for that element; but in 
order that nitrogen only 
shall remain, it is necessary 
that the substance used be 
such that the resulting body 
can be easily separated 
from the gas. Phosphorus 
■ is very convenient for this 
purpose, as the solid pent- 
oxide produced by its combustion is very soluble in water. 
An upright deflagrating spoon containing the phosphorus is 


Pig. 
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placed in a pneumatic triugh partly filled with water (fig. 44). 
The phosphorus is lighted, and at once a gas jar inverted over 
it. The combustion being over and the gas once more cooled 
to the ordinary temperature, it is found that about four- 
fifths of the original volume remain. This residual gas is 
nitrogen. 

A more accurate measurement may be made by removing 
the oxygen by the slow oxidation of phosphorus which goes 
on at ordinary temperatures. For this purpose the same 
apparatus may be used, a piece of phosphorus being taken 
which is sufficiently large to prevent its being submerged in 
the liquid which accumulates in the spoon, owing to the deli¬ 
quescence of the oxide of phosphorus. 

The oxygen may also be removed by the action of metallic 
copper. If an iron tube be filled with copper turnings and 
made red-hot in a furnace, the copper immediately combines 
with the oxygen of any air which may be passed through, 
leaving the nitrogen— 

2 Cu + 0 2 = 2 CuO. 

Copper. Oxygen. Copper oxide. 

Iron likewise removes the oxygen from air, especially if it 
be caused to oxidise more readily by the addition of some 
ammonium chloride. 

There are several other methods of preparing nitrogen 
which are interesting from a theoretical point of view. For 
instance, the gas is evolved by passing chlorine into an excess 
of ammonia. The hydrogen and chlorine unite, and nitrogen 
is liberated. 

2 NH, + 3 Cl a = 6 HC 1 + N 2 . 

Ammonia. Chlorine. Hydrochloric acid. v Nitrogen. 

A secondary reaction goes on between the acid formed and 
the excess of ammonia; thus— . 

0 NH 3 + 6 HC 1 = 6NH t Cl. 

Ammonia. Hydrochloric acid. Ammonium chloride. 

The two equations may be grouped into one ; thus— 

3 C 1 2 + 8NH 3 = * 6 NH,C 1 + N a . 

Chlorine Ammonia. Ammonium chloride. Nitrogen 
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In preparing nitrogen by this method care must be taken 
to have the ammonia largely in excess, as otherwise an explo¬ 
sive compound (chloride of nitrogen) may be formed. 

Another interesting method of preparing nitrogen is by the 
action of heat on the salt known as ammonium nitrite. This 
contains oxygen and hydrogen in the proportions necessary to 
form water: they combine and nitrogen is liberated. 

NH.,NO a = 2 H 3 0 + N a . 

Ammonium nitrite. Water. Nitrogen. 

It is usual to prepare the ammonium nitrite at the time of 
the experiment, that body being somewhat unstable. Ammo¬ 
nium chloride being added to potassium nitrite, the following 
decomposition takes place:—• 

KNOj + NH.Cl = NH.NOj + KC 1 . 

Potassium Ammonium Ammonium Potassium 

nitrite. chloride. nitrite. chloride. 

For ordinary purposes of experiment this last mode of 
preparation is a convenient one to employ in order to obtain 
nitrogen. 

174. Properties.—Nitrogen differs remarkably in properties from 
oxygen, with which it is associated in the atmosphere. r The one is 
specially characterised by its great chemical activity; the other is most 
inactive. It is a colourless, odourless, neutral, and tasteless gas, which 
is neither inflammable nor a supporter of combustion. It is not poisonous, 
but is unable to support life. Animals placed in it speedily die through 
suffocation. By the action of intense heat it may be caused to combine 
with oxygen, to form a ruddy-colourcd gas, nitrogen peroxide, NO*, 
which, by uniting with more oxygen and water, produces nitric acid. 
Small quantities of nitric acid are thus produced in the atmosphere by 
lightning discharges. The effect may be imitated on the small scale by 
passing a series of sparks from an induction coil through moist air con¬ 
tained in a small glass globe. The air assumes a faint red tint, and litmus 
paper placed in the globe shows that it possesses an acid reaction. 

Nitrogen is but slightly soluble in water: 100 volumes at o° C. 
dissolve but 1 *48 volumes of this gas. 

The Atmosphere. — A gaseous mixture. Density, 14*393. 
Speciflo*gravity, 100. 

175. Occurrence. —This gaseous body, which envelops the earth, is 
of vast importance to us who live and breathe in it. Its existence is 
demonstrated whenever it is set in rapid motion, as we then have winds; 
and these, when sufficiently violent, produce well-known and striking 
physical effects. That air, among the other properties of matter, possesses 
weight is capable of easy demonstration by experiment; for on weighing 
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a strong flask fitted with a Stopcock, and then exhausting it !>y means 
of an air-pump and reweighing, it is found to have become considerably 
lighter. The barometer shows that air possesses the property of causing 
pressure. , 

176. Composition.—The composition of the atmosphere has been 
made the subject of many careful experiments, which show it to be a 
mixture of nitrogen and oxygen approximately in the proportion of four 
to one. 1 A rough kind of analysis of air is made on the oxygen being 
removed by phosphorus. In addition to these two elements, there are also 
present varying quantities of aqueous vapour—carbon dioxide, ammonia, 
nitric acid, and traces of other bodies. Its average composition in 
England is approximately shown in the following table 


Oxygen . . .• . . 2o'6z 

Nitrogen and argon . . . . 77*95 

Carbon dioxide ..... 0*04 

Agueous vapour.xqo 

Nitric add. . 

Ammonia.> traces. 

Carburetted hydrogen . . . .) 

S Sulphuretted hydrogen . . . / 

1 Sulphur dioxide.f •* 


The proportion of nitrogen and argon to oxygen in air is remarkably 
constant, but little variation from the above being found in air collected 
in the most varied localities; still slight but marked differences are 
observed in samples collected from different sources. The results of 
careful analyses of air, freed from carbon dioxide and aqueous vapour, 
give the following average composition 


1 The views hitherto held by chemists as to the composition of the atmosphere must 
be considerably modified as a result of some comparatively recent discoveries of Raleigh 
and Ramsay. These chemists, when experimenting on carefully purified nitrogen, 
observed that this gas when obtained from air was in every case riht heavier than when 
procured from nitrogen compounds, as ammonium nitrite. As a result of investigation 
of this point, it was found that on passing purified atmospheric nitrogen over red-hot 
magnesium there remained a gas which was not absorbed, and which amounted to about 
t per cent, by volume of the whole air. If, on the other hand, nitrogen from nitrogen 
compounds were similarly treated, complete absorption took place. . The gas thus 
separated from atmospheric nitrogen has been subjected to careful examination. It was 
once, thought to be a polymer of ordinary nitrogen, standing, somewhat in the. same 
relation to that element as does ozone to oxygen. An alternative view was that it was 
a mixture of two or more unknown elements. At present this newly discovered gas is 
viewed as being a separate element, and has received the name of argon. 

Argon is a gas having a density of about 19*7, and is contained in atmospheric air 
to the extent of about 0*97 per cent, by volume. Argon is colourless and odourless, and 
is the most inert substance known; it has not as yet been found^apable of taking part 
in any chemical reaction whatever, and therefore no compounds of argon have as yet 
been found. The gas is soluble in water to the extent of 4 volumes in roo volumes of 
water at 13° C. Argon is so inert that it apparently fulfils no especial, functions in the 
atmosphere.. It follows of necessity from its properties that the ordinary*methods of 
analysis of air fail.to detect argon or to separate it from nitrogen. Thus in eudiometric 
analysis by explosion with hydrogen the argon is unacted on, as it is also in separation 
of oxygen by the action of either phosphorus or copper. 

In analyses of air, the proportions given of nitrogen must now be understood to 
Include argon, which is about 1*23 per cent, of the volume of nitrogen. Thus the figure 
given in the table of average composition of air as nitrogen 77‘95, must be modified 
into nitrogen 77‘oo, argon o’95. 
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by measure. By weight. 

Nitrogen and argon . , . 79" 19 709 

Oxygen.20'8 i 2301 

too OO lOO'OO 

The composition by volume may be determined by using 
a eudiometer tube similar to that employed for showing the 
production of water by the union of oxygen and hydrogen. 
A measured quantity of air, freed from moisture and carbon 
dioxide, is placed in the eudiometer, and hydrogen added in 
excess of that necessary to combine with the whole of the. 
oxygen present; on the passage of a spark, union of the 
hydrogen and oxygen is affected, and on the gas regaining its 
original temperature the volume is found to be much less. As 
water is composed of two volumes of hydrogen to one of 
oxygen, the amount of oxygen present in the gaseous mixture 
is one-third of the diminution observed. The eudiometer 
employed for this purpose should be graduated. Supposing 
that 10 c.c. of air have been introduced and 5 c.c. of hydrogen 
added, after the explosion the volume will be found to be 
reduced from 15 to about 9 c.c.; 10 c.c. of air therefore 

contain approximately 6 = 2 c.c. of oxygen, the more accurate 
3 

figures being those given above. 

The composition by weight is ascertained by passing air 
over red-hot copper, due precautions being taken to avoid 
error. The copper is placed in a piece of difficultly-fnsible 
glass tubing, with which it is weighed; an exhausted receiver is 
also weighed, and attached to one end of this tube; the other is 
connected with U -tubes filled with caustic potash and sulphuric 
acid respectively, for the purpose of removing carbon dioxide 
and water. The' glass tubing is raised to red heat, the stop¬ 
cock of the receiver is opened, and a slow current of air passes 
over the*copper; its oxygen is removed and nitrogen and 
argon only pass into the empty receiver. The gain in weight 
of the copper represents the weight of oxygen, and that of the 
receiver the weight of nitrogen and argon. 

The proportion of aqueohs vapour present in air may be 
determined by passing a known volume of air through a 
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weighed tube containing either calcium chloride, or pumice 
moistened with concentrated sulphuric acid. For this purpose 
the apparatus shown in fig. 45 may be employed, which 
apparatus serves also for the estimation of carbon dioxide. 


Fig. < 5 - 



The vessel e is an aspirator, which may have a capacity 
of some 50 litres; to it are attached the tubes i and c, which 
contain respectively calcium chloride and fragments of ground 
potassium hydrate. In the bulbs b is placed a concentrated 
solution of potassium hydrate, and the tube a contains the 
calcium chloride. On opening the stopcock / at the bottom 
of the aspirator, the water runs slowly out and draws the same 
volume of air through the tubes. The moisture is absorbed 
in a, the carbon dioxide in b, and possibly traces in c. The 
difference in weight between these tubes and Iwilbs before and 
after the passage of the air gives the weight of carbon dioxide 
and moisture respectively. The tube d is interposed in order 
to prevent any aqueous mixture from finding its way backward 
from the water contained in e. 

Aqueous vapour in air is also capable of determination by 
a purely physical method. For this purpose the air is cooled 
until it commences to deposit moisture; the temperature at 
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which dew thus forms is measured, 'and as that temperature 
varies with the proportion of moisture present, such moisture 
may be thus determined. The greater the quantity of moisture, 
the higher is the temperature at which dew commences to be 
deposited. Instruments for the purpose of this determination 
are styled hygrometers. 

For the estimation of carbon dioxide in air a convenient 
volumetric method is adopted; for this purpose, standard solu¬ 
tions of oxalic acid (acid) and barium hydrate (alkaline) are 
prepared of such a strength that they exactly neutralise each 
other. A glass vessel of known capacity, say ten litres, is taken, 
filled with water, and emptied in the place in which it is desired 
to collect a sample of air. Having the vessel thus filled with 
the air to be tested, it is carefully stoppered, and a known 
quantity of barium hydrate solution quickly run in together 
with one or two drops of phenolphthalein. The vessel is 
shaken until the whole of the air is exposed to the action of 
the barium hydrate. Barium carbonate is formed and the 
hydrate thus in part neutralised. The oxalic acid is next added 
from a burette until the red tint of the phenolphthalein disap¬ 
pears. In this way the excess of barium hydrate is measured; 
the difference between such excess and the quantity originally 
taken gives the quantity neutralised by the carbon dioxide. 
The barium hydrate solution is made of such a strength that 
each c.c. represents a definite quantity of carbon dioxide. 

177. Air a Mixture. —That air is a mixture and not a 
compound may be proved in many ways; in the first place 
the oxygen, nitrogen, and argon, are not present in any simple 
multiple of their atomic weights, which is a necessity in all 
compounds. Air'also differs remarkably from those compounds 
of its two active elements with which chemists are acquainted. 
If a mixture be made of nitrogen and oxygen in the proportion 
in which they exist in air, no alteration of volume takes place, 
neither is there any increase of temperature; the mixture 
exhibits all the properties of air, excepting, of course, the slight 
modifications caused by the pptsence of argon in atmosphericair. 

The most conclusive evidence of their being mixed, and 
not combined, is that they may be separated by the action of 
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water as a solvent. Oxygen and argon are more soluble than 
nitrogen, and if water, which has been previously freed from 
gases by boiling be shaken up with air, and then again boiled, 
the expelled gas is found on analysis to be much richer in 
oxygen and argon than was the air, the oxygen amounting to 
about 34 per cent, of the dissolved gases. 

It will be interesting here to note the difference between 
air on the one hand and water on the other. In air the two 
most important constituents are not present in the same abso¬ 
lutely unvarying proportion. On oxygen and nitrogen being 
mixed in the same proportions as they exist in air, no alteration 
in volume occurs, and the mixture exhibits properties which 
are a mean of those of the two ingredients. Further they may 
be separated by the’action of water as a solvent. 

With water the hydrogen and oxygen are always present in 
absolutely unvarying proportions. When these gases are mixed 
and a light applied a violent explosion occurs ; the water pro¬ 
duced condenses to a liquid possessing properties altogether 
different from those of its constituents. The -explanation is 
that air is a mixture, and water a chemical compound. 

178. Functions of Atmospheric Carbon Dioxide.— 

It has already been pointed out that carbon dioxide is present 
in air, and that the breathing of animals and the burning 
of carbonaceous bodies are continually supplying this gas; 
although this operation is proceeding without intermission, the 
quantity of carbon dioxide present in the atmosphere remains 
remarkably constant. Its amount varies between 3 and 6 parts 
in 10,000, according to the locality where, and time when, the 
gas is collected. This quantity, though small^is of vast im¬ 
portance to the vegetable kingdom, as it is the source from 
which all organic carbon is derived in nature. Animals can 
only assimilate carbon from previously existing organic com¬ 
pounds. Vegetables decompose carbon dioxide, using the 
carbon in the formation of their tissues, and liberating the 
oxygen in the free state. 

The effects, therefore, of animal’and vegetable life on the 
atmosphere are opposite in character: the one removes oxygen 
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and returns carbon dioxide, the oftier decomposes this com¬ 
pound, and again yields oxygen to the air (this return action 
is, however, partially balanced by the ordinary progress of 
decay); these two processes going on simultaneously keep 
the proportion of carbon dioxide in air within constant limits. 
The decomposition of certain rock-forming minerals, as felspar, 
by the action of the carbon dioxide of the atmosphere, which 
combines with the bases that they contain, is another important 
drain on the amount of that gas present in air. 

179 - Other Constituents.—The amount of aqueous 
vapour which the atmosphere contains varies considerably; 
but it is always present in more or less quantity. Its presence 
may be demonstrated by bringing a vessel of ice-cold water 
into a room : the aqueous vapour condenses on the outside as 
a film of moisture. 

Ammonia is only found in air in minute traces. These, 
however, are important, as from them plants obtain a great 
proportion of their nitrogen. 


CHAPTER XIV 

AMMONIA 

Formula, NH,. Molecular weight, 16'93. Density, 
8'46. Specific gravity, 0 59. Melting-point,—75° C. 
Boiling-point, -38'5° C. 

180. Occurrence.—This, the only compound of nitrogen 
and hydrogen known in the free state, exists in small quantities 
in the atmosphere, and also in rain-water. It is probably a 
resultaftt product of the oxidation of different organic sub¬ 
stances in the presence of moist air. The oxygen of the water 
acts as the oxidising agent, and the nascent hydrogen combines 
with nitrogen to form small quantities of ammonia. It is pro¬ 
duced in considerable quahtity in the decomposition of animal 
and vegetable bodies which contain nitrogen, The urine and 
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excreta of animals contaifi refuse nitrogenous matter. This 
after a time becomes changed into ammonia, and thus causes 
these substances to be such valuable manures, as plaits are 
incapable of assimilating nitrogen while free, but are able to 
do so when that element is presented to them as ammonia. 

181. Preparation. —Nitrogen and hydrogen do not unite 
readily, but may be caused to do so by passing a silent electric 
discharge from an induction coil through a mixture of the two 
gases. It is not possible in this way to cause the union of the 
whole of the nitrogen and hydrogen present unless the ammonia 
is removed as rapidly as formed^ because as soon as about 
3 per cent, of ammonia is present the electric discharge once 
more causes its decomposition into free nitrogen and hydrogen. 
The ammonia may 6e removed in this experiment by causing 
the reaction to take place over a solution of hydrochloric acid, 
which combines with the ammonia to form ammonium chloride. 
Conversely if this experiment be commenced with pure am¬ 
monia, decomposition into nitrogen and hydrogen gases pro¬ 
ceeds until only about three per cent of ammonia remains. 

In the presence of favourable deoxidising agents nitric acid 
and nitrates tre reduced to ammonia. Thus if zinc be added 
to dilute nitric acid, the following reaction occurs :— 

HNOj + 8H = ,NH 3 + 3 H a O. 

Nitric acid. Nascent Ammonia. Waler. 

hydrogen. 

Similarly, nitrates are reduced to ammonia on being treated 
with a solution of pure potassium hydrate, to which metallic 
aluminium foil is added. The first stage of the reaction is the 
formation of potassium aluminate and nascent hydrogen, which 
latter attacks the nitric acid:— 

24 KHO + 8 A 1 = 4 (K a O) 3 AlA *+ 24 H. 

Potassium Aluminium. Potassium Nascent 

hydrate. aluminate. hydrogen. 

24 H + 3 HNO a = 3 NH, + OH a O.' 

Small quantities of nitrates may be quantitatively deter¬ 
mined by their reduction in this manner to ammonia, which is 
subsequently estimated. . 

On heating nitrogenous organic' substances such as horn, 



204 Text-Book of Inorganic Chemistry 

hair, the white of egg or gluten of* wheat, in a closed vessel, 
they are decomposed, and a portion of the nitrogen is evolved 
as amqjonia. If the organic matter be first mixed with an 
excess of sodium or potassium hydrate, the whole of the nitro¬ 
gen is evolved in this form ; this reaction serves as a method 
for the estimation of nitrogen in organic bodies. 

Ammonia may be prepared from any of the ammoniacal 
salts by heating with a stronger base, as lime or soda. Of 
these lime is preferred because of its cheapness. If ammonium 
chloride and lime be heated together, the following reaction 
takes place :— , 

2NH4CI + CaO = CaCl 2 + II 2 0 + 2 NH 3 . 

Ammonium Quicklime. Calcium Water. Ammonia. 

chloride. chloride. , 

Both the ammonium chloride and the quicklime should be 
carefully dried, and then intimately mixed together. The 

Fig. 46. 



mixture may be heated in a flask, as shown in fig. 46, and the 
evolved gas collected by upward displacement. 

182. Manufacture. —For manufacturing purposes am¬ 
monia is always prepared by the destructive distillation of 
bones, animal refuse, or jother nitrogenous organic matter. 
Thus the heating of bones or other animal refuse to redness in 
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order to obtain animal ctfhrcoal also yields ammonia, which 
condenses with the watery products of distillation. 

Coal contains about 2 per cent, of nitrogen, and ( in like 
manner evolves ammonia when heated. As this substance is 
subjected to destructive distillation on the large scale in the 
manufacture of coal-gas, it affords a cheap and plentiful source 
of ammonia. The ammonia passes over with the gas, and is 
dissolved by the condensed moisture. This constitutes the 
gas- or ammoniacal-liquor of the works. From this, ammo- 
niacal salts are prepared by the addition of acids. 

Solution of ammonia is prepared commercially by heating 
ammoniacal gas liquor with milk of lime; the evolved gas is 
filtered through tubes containing charcoal, and then passed 
through a series of tVoulffe’s bottles filled with water and con¬ 
nected together, so that the gas escaping from each is conducted 
to the next of the series. Each of these bottles is fitted with 
a safety tube, by which air enters in case there is a vacuum. 
The passage of the gas is continued until a saturated solution 
is obtained. 

183. Properties. —Ammonia is a colourless gas with a 
most pungent and characteristic odour, which is pleasant when 
the gas is mixed with air; but in the undiluted state the gas 
acts as a powerful irritant, bringing tears to the eyes, and if 
accidentally inhaled, even in small quantities, destroys the 
surface of the mucous membrane of the mouth, and may pro¬ 
duce even fatal effects by its action on the lungs. The solution 
in water Iras a burning and disagreeable taste. The gas may 
be condensed to a liquid by a temperature of — 50° C., or a 
pressure of about 7 atmospheres at 15° G Like other liquefied 
gases, liquid ammonia is very volatile, producing great cold in 
evaporating. This property causes it to be largely used in the 
manufacture of artificial ice. The gas is remarkab!y*soluble 
in water, which dissolves at 0° G 1050 times its volume of 
the gas; at 15° G 727 volumes. The concentrated solution 
readily evolves gas on being heated, and may frequently be 
used with advantage as a source ;of the gas. At ordinary 
temperatures the solution gives off gas, hence its pungent odour 
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The following table gives the stVength of solutions of pure 
ammonia of various densities :— 


Density 

Ammonia in 100 
parts by weight 

Density 

Ammonia in 100 
parts by weight 

1*0000 

OO 

O9251 

20-0 

0-9915 

2-0 

0-9191 

220 

09831 

4-0 

0-9133 

24 -o 

0-9749 

6-o 

0-9078 

26 -o 

0-9670 

80 

0-9026 

28-0 

09593 

10-0 

0-8976 

30-0 

09520 

12-0 

0-8929 

32-0 

0-9499 

140 

o-ssss 

34-0 

0-9380 

i6-o % 

0 -SS 44 

360 

0 ' 93‘4 

iS-o 

— 

— 


Ammonia is one of those gases which are absorbed with 
exceeding readiness by charcoal; this body, when freshly 
burned, absorbs about 90 times its own volume of the gas. 

Ammonia is a non-supporter of combustion, and non- ' 
inflammable at ordinary temperatmes ; but when gently heated 
it takes fire and burns with a grecnish-yellOw flame, water 
being produced and nitrogen liberated. 

4 NH, + S 0 2 = 2 N a + 6 H» 0 . 

Ammonia. Oxygen. Nitrogen. Water. 

In common with potassium and sodium hydrates, ammonia 
possesses the property of being able to restore the blue colour 
to reddened litmus. It neutralises the strongest acids, and 
forms a well-marked and most important series of salts. The 
composition of some of these is thus shown :— 


NH, 

+ 

HCl = 

NH.Cl. • 

NaCl. 

Ammonia. 


Hydrochloric 

acid. 

Ammonium 

chloride. 

Sodium 

chloride. 

NH, 

+ 

hno 3 = 

nh 4 no 3 . • 

NaNOj. 

Ammonia. 


Nitric acid. 

Ammonium 

nitrate. 

Sodium 

nitrate. 

2 NH S 

+ 

h 2 so 4 = 

(NH 4 ),S 0 4 . . 

Na a S 0 4 . 

Ammonia. 


Sulphuric 

acid. 

Ammonium 

sulphate. 

Sodium 

sulphate. 


The salts of sodium are also written in a separate column, 
for the sake of comparison. It will be seen that the group 
NH 4 and sodium occupy corresponding places. Further, this 
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group may be expelled fifom one chemical compound and 
caused to enter another without decomposition. 

184. Compound Radicals.— The preceding is only one 

instance of a group of elements entering into the composition 
of a body, and performing functions very similar to those of an 
atom of an element. Such groups are not only found to form 
numbers of very definite compounds, but may be even transferred 
from one compound to another without undergoing decomposi¬ 
tion. Groups of atoms of different elements which 
possess a distinct individuality throughout a series of 
compounds, and behave therein as though they were 
elementary bodies, are termed ‘ compound radicals. 1 

The compound radicals arc formed by the union of atoms 
in such a manner as to produce a compound having unsatisfied 
valency. In addition to the group NII 4 , carbon monoxide, 
CO, and the serni-molecule (CN) of cyanogen, C 2 N 2 , act as 
compound radicals. Their unsatisfied valency is shown in the 
following graphic formula 


H \/ H 

-N 

!l 

O 

6 

-C=N 

h/\h 

nh 4 . 

CO. 

CN. 


The number of unsatisfied valency links is the measure of 
the quantivalence of the compound radical. Thus —NH 4 
and —CN are monads, while carbon monoxide is a dyad 
radical. .Compound radicals are of extremely frequent occur¬ 
rence among organic compounds; so strikingly is this the 
case, that it has been proposed to term organicuchemistry ‘ the 
Chemistry of the Compound Radicals.’ 

185. Ammonium and its Salts— The group NH 4 is 
one of the best and most striking examples of a compound 
radical. Because it thus behaves in so many compounds as 
though it were an element, it has received a name, ammonium, 
for which the symbol Am is sometimes used. Ammonium 
chloride is written either NH 4 CI or AmCl. Ammonium, 
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however, cannot be isolated, but immediately splits up into 
ammonia and free hydrogen. The solution of ammonia in 
water is sometimes conveniently represented as a hydrate of 
ammonium ; thus -.— 

1 I 

NH, + H s O = NH,HO. 

Ammonia. Water. Ammonium hydrate. 

This, again, is analogous in composition to sodium hydrate, 
NaHO. 

Ammonium hydrate produces in many cases the same 
chemical reaction as does either sodium or potassium hydrate. 
Thus all these bodies produce the same precipitate of ferric 
hydrate, l’e 2 (HO) 6 , from a solution of ferric chloride, Fe. 2 Cl 6 . 

By the direct union of gaseous ammonia with acids the 
salts of ammonium are formed. As in all other cases of direct 
union, considerable heat is evolved. On bringing together the 
mouths of two gas-jars, the one containing ammonia, and 
the other hydrochloric acid, and then removing the plates by 
which the mouths are covered, the two gases at once combine, 
forming a dense cloud of ammonium chloride, and at the same 
time becoming sensibly warm to the hand. 

Salts of ammonium with volatile acids may iS some cases 
be sublimed without the production of any permanent chemical 
change, as with ammonium chloride. Others are decomposed, 
as ammonium nitrate; those with non-volatile acids, as ammo¬ 
nium phosphates, are decomposed ; the acid remains, and free 
ammonia is evolved. 

The ammonium compounds will be treated more fully in 
the part of this work which deals with the metals. 

186. Dissociation. —Although ammonium chloride may 
be sublimed ahd recondensed without apparent change, yet 
that some change occurs is shown by the density of the 
chloride in the vaporous form. From the formula NH 4 C 1 
the calculated vapour-density is 26-55 ; but on actual deter¬ 
mination the vapour-density is found to be 13-27, or only half 
that required by the formula. This anomaly is explained by 
the assumption that amrcpnium chloride cannot exist in the 
vaporous condition, but is decomposed into the two molecules 
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of ammonia and hydrochloric acid, having the densities respec¬ 
tively of 8-46 and 18'09. The density of a mixture of these in 
equal volumes is I3'2 7, a figure which agrees with the observed 
vapour-density of the gas resulting from the heating of am¬ 
monium chloride. On the mixed ammonia and hydrochloric 
acid gases becoming cool, they again unite to form ammonium 
chloride. Proof of the correctness of this theory is furnished 
by the fact that the gases can be separated by gaseous diffusion. 
If the vaporised ammonium chloride be passed through a red- 
hot porous porcelain tube enclosed within another which is 
impervious, diffusion proceeds though the walls of the porous 
tube. This tube arrangement is somewhat similar to that of 
a Liebig's condenser; as ammonia is considerably the less 
dense of the two gases, it diffuses through the porcelain tube 
the more rapidly, and on collecting the gas from the annular 
chamber between the two tubes, it is found to have an alkaline 
reaction. On the other hand, the gas which escapes from the 
end of the porous tube reddens litmus, owing to its containing 
an excess of hydrochloric acid. The resolution of mole¬ 
cules, by their subjection to an elevated temperature, 
into other* of a simpler nature is termed ‘dissocia¬ 
tion.’ As the temperature becomes lower, the more complex 
molecules are usually again formed, unless the gaseous mole¬ 
cules are separated from each other while too hot to combine 
together. Compounds may be thus resolved into simpler 
bodies or elements; and elementary molecules into simpler 
molecules of the same element. 

187. Industrial Applications.— Ammonia is largely 
used as a reagent in the chemical laboratory. It is also 
employed in the manufacture of aniline colours and in the pre¬ 
paration of carbonate of soda by what is called the ammonia 
process. In the liquid (condensed) form it is largely ased in 
the manufacture of artificial ice. Ammonium salts have also 
an extended application, to which reference will be made when 
describing their preparation and properties. 

188. Composition of Ammonia.— On passing ammonia 

p 
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gas through a red-hot porcelain tube charged with copper 
turnings, the following change occurs : — 

■SNH, = N a + 3 H a . 

Ammonia. Nitrogen. Hydrogen. 

As two molecu’es of ammonia have produced one molecule 
of nitrogen and three of hydrogen, the volume will have 
doubled. On collecting some of the mixed gas in a eudio¬ 
meter, say eight volumes, and then adding four volumes of 
oxygen and exploding, there will be a diminution of nine 
volumes, owing to the formation of water. As when water is 
formed, two volumes of hydrogen and one volume of oxygen 
disappear, then in this case six volumes of the gas in the 
eudiometer must have consisted of hydrogen. If potassium 
hydrate and pyrogallic acid be next added, there will be a 
further diminution of one volume, resulting from the absorption 
of the excess of oxygen. Two volumes of gas will remain, 
which consist of the nitrogen of the ammonia. We therefore 
find that the eight volumes of mixed gas consist of six volumes 
of hydrogen and two of nitrogen. 

The composition by weight may be ascertained by passing 
a measured quantity of dry ammonia over red-hot copper 
oxide; water is formed and may be collected by calcium 
chloride. Nitrogen passes over in the free state. The 
hydrogen is calculated from the water, and the difference of 
weight between that and the ammonia represents the nitrogen. 


CHAPTER XV 

OXIDES AND ACIDS OF NITROGEN 

189, Nitrogen Oxides, ^'here are five compounds 0 
nitrogen and oxygen known, two of which, by union wit! 
water, form acids: their names and composition are ;— 
Nitrogen monoxide, or nitrous oxide, N a 0 . 

Nitrogen dioxide, or nitric oxide, NO (or N a O a ). 

Nitrogen trioxide, or nitrous anhydride, N a O a . 
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Nitrogen tetroxide, oreiitric peroxide, NO a (or N a 0 4 ). 

Nitrogen pentoxide, or nitric anhydride, N a O e . 

By the action of water we have— 

N. 2 0 3 + II 2 0 = 2 HN 0 2 , Nitrous acid. 

N 2 Oj + HjO = 2 HN 0 3 , Nitric acid. 

Nitric acid is by far the most important of these bodies, 
and, as the whole of the others are prepared from it, nitric acid 
is conveniently studied first. 

Nitric Acid.— Formula, HN0 3 . Molecular weight, 
02 57. Specific gravity of litfuid, 1-63. Melting-point, 
about —56° C. Boiling-point, 84'5°. 

190. Occurrence.— Nitric acid is produced in small 
quantities in the atmosphere, from which it is separated by 
rain, which therefore usually exhibits traces of this acid when 
subjected to analysis. The salts of nitric acid with soda and 
potash (sodium and potassium nitrates) are its most common 
sources. Layers of potassium nitrate are found incrusting the 
soil in India and of sodium nitrate in parts of Chili and Peru; 
the latter of,these is the more plentiful. These nitrates are 
produced by the oxidation of nitrogenous organic matter in the 
presence of the bases potash or soda. Potassium nitrate is 
also known as saltpetre or nitre ; sodium nitrate is frequently 
called Chili saltpetre or cubic nitre, from the shape of its 
crystals. 

191. Preparation. —Nitric acid is always prepared by 
the action of sulphuric acid on a nitrate, usually either that 
of sodium or potassium. The two are mixed in a retort, and 
on the application of heat nitric acid, being, more volatile, 
distils over, leaving acid sodium sulphate:— 

- NaN 0 3 + H s S 0 4 =. HN 0 3 f NaIISQ 4 . 

Sodium nitrate. Sulphuric acid. Nitric acid. Acid sodium sulphate. 

For laboratory purposes the arrangement of retort and 
receiver shown in fig. 47 may be adopted. 

The receiver is kept cool by submersion in the cold water 
in the pneumatic trough. 
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On the application of a more intense heat the acid sulphate 
of sodium is capable of acting on another quantity of the 
nitrate, r with the formation of the normal sulphate:— 

NaHSO, + NaNOj = Na,S0 4 + HNO,. 

Acid sodium sulphate. Sodium nitrate. Sodium sulphate. Nitric acid. 

The temperature necessary for this reaction, however, 
partly decomposes the nitric acid produced. 



192. Manufacture.— In preparing nitric acid on the 
large scale the manufacturer avails himself of the second of 
the reactions just given. Large cast-iron retorts, about 6 feet 


Fig. 48. 



in length by 3 feet diameter, are employed. These are arranged 
in pairs in a furnace, as shown in fig. 48 . 


Manufacture of Nitric Acid nj 

» 

Each retort is fastened by a movable door of flagstone, c, at 
each end, and the upper portion is protected from the acid 
vapours by a lining of fireclay. The nitrate is added through 
the opening, c, which is then fastened; about half its weight 
of concentrated sulphuric acid (or the equivalent quantity of 
weaker acid), is then added through a funnel at e, which 
aperture is then closed by a plug. The nitric acid distils over 
through the pipe f, and is condensed in a series of stoneware 
bottles, the first of which, B, is shown in the figure. At the 
close of the operations the sodium sulphate is removed from 
the retort by the opening at c. »The acid as thus prepared 
contains, as impurities, the lower oxides of nitrogen, from 
which it may in great part be freed by re-distillation with an 
equal volume of sulphuric acid. This distillate being gently 
warmed, and having a current of dry air passed through it, 
becomes quite colourless and free from any lower nitrogen 
oxides. 

193. Properties.— Nitric acid, when pure, is a colourless, 
fuming liquid, but usually is of a faint yellow tinge, through 
the presence bf some of the lower oxides of nitrogen, produced 
by its partial decomposition. It possesses a faint, though 
peculiar and characteristic, odour. Nitric acid combines 
readily with water, with the evolution of heat. On distilling 
pure nitric acid it commences to boil at 84’5° C., but the 
boiling-point continues to rise slowly until a temperature of 
i2i° C. is reached; at this stage the acid distils without any 
further change of temperature, and consists of 68 per cent, of 
acid together with 32 per cent, of water resulting from the 
decomposition of the acid, which during the rise jn temperature 
evolves fumes of lower nitrogen oxides. The temperature and 
composition of this acid of unchanged boiling-point paries, 
however, with the atmospheric pressure. Thus with a pressure 
of 70 millimetres only, the boiling-point is between 65° and 70°, 
and the acid has a composition of 667 per cent. The specific 
gravity of the pure acid at 15° is r5;j, but diminishes with the 
addition of water; the following table gives the strength of pure 
nitric acid of various densities 
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Density at ij” C. 

Nitric acid in ioo 
parts by weight 

Density at 15° C 

Nitric acid in 100 part 
by weight 

ickx> 

0*00 

1-381 

6l-21 

I*OIO 

2*00 

1*400 

65-07 

1*022 

4*00 

1-419 

69*20 

1-067 

11*41 

1-442 

75-00 

1-089 

15 00 

1-460 

8 o*oo 

I ‘120 

20'00 

1-474 

84-00 

1157 

25-71 

1*488 

SS-oo 

1-185 

30-00 

1-499 

91-00 

1-237 

37-95 

1-509 

94-00 

1-274 

43-53 

I-520 

97-00 

I -298 

47-18 | 

1-529 

99-52 

I- 33 I 

52-33 ' 

*■ 53 ° 

100-00 

*'353 

56-10 | 

— 

— 


Nitric acid is readily decomposed by heat; thus the act of 
boiling dissociates a portion of the add into water, free oxygen, 
and nitrogen peroxide. When enclosed in sealed tubes and 
heated to 250° C. the whole of the acid thus suffers decorn-' 
position. The same reaction is caused by passing the acid 
through a red-hot porcelain tube ; for this purpose a long clay 
tobacco-pipc may be employed, so arranged that the bowl is 
higher than the stem, which latter is inclined downwards with 
its mouthpiece under the surface of water in a pneumatic 
trough. The stem is heated red-hot by a small tube furnace, 
and the acid poured drop by drop into the bowl of the pipe. 
Oxygen, nitrogen peroxide, and steam escape at the lower end. 
Of these the first may be collected in a test-tube, the remaining 
two being respectively dissolved and condensed by the water. 
Owing to the facility with which nitric acid parts with its 
oxygen it is an exceedingly powerful oxidising agent. It causes 
red-hot charcoal to burst into flame on being poured on it. 
Sulphur, iodinh, and phosphorus are readily oxidised by 
treatment with this acid, and many compounds belonging to 
what i» called the ‘ -ous' class (i.t., in a lower state of oxida¬ 
tion), are converted into ‘-ic’ compounds. Thus in the 
presence of hydrochloric acid the addition of a small quantity 
of nitric acid oxidises 1 ferrous to ferric chloride. 

2 FeCl a + 2 HC 1 + 2 HNO„ = Fe a Cl, + 2 NO a + 2 H a O. 

Ferrous Hydrochloric Nitric Ferric Nitrogen Water, 

chloride. acid. acid. chloride. peroxide. 

1 Compare definition of oxidising agent on page 48. 
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Nitric acid is an exfremely corrosive body and rapidly 
destroys all animal tissues, and hence is used as a powerful 
caustic ; in the diluted state it stains the skin, horp, &c. a 
bright yellow colour. 

194. Action of Nitric Acid on Metals. —The 

normal action of an acid on a base, by which a salt is fonned, 
has been already described. Nitric acid behaves like other 
acids, forming salts with bases, which salts are called nitrates. 
In common with most other acids it decomposes carbonates, 
yielding nitrates, and liberating carbon dioxide. In the cases 
of both hydrochloric and sulphuric acids, it has been shown how 
an easily oxidisable metal, such as zinc, displaces the hydrogen 
and forms a chloride or a sulphate. Owing to the instability 
of nitric acid the action in this case is different. The liberation 
of nascent hydrogen, a powerful reducing agent, in the presence 
of nitric acid, an easily reduced body, results in the decom¬ 
position of the acid with the liberation of nitrogen either in a 
lower state of oxidation or uncombined. In certain cases the 
action proceeds even further, and the nitrogen is ' hydrogenised ’ 
to ammonia. The precise nature of the change depends on 
the character of the metal used, and is further governed by the 
degree of concentration of the acid, and the temperature at 
which the reaction occurs. Usually a mixture of gases is 
evolved, in which one or two nitrogen oxides may predominate; 
but hydrogen is not produced by the action of any metal on 
nitric acid. The following are examples of the reactions pro¬ 
duced by nitric acid and various metals:— 

Silver, dissolved slowly in the cold with excess of dilute 
nitric acid, gives— 

2 Ag f 3 HNO, = 2 AgN 0 3 + 11*0 + HNOs. 

Silver. Nitric acid. Silver nitrate. Water. Nit runs acid. 

NO is also produced in small quantity. , 

Copper or mercury with moderately concentrated acid 
(sp. gr. 1-25 to 1-3) yields— 

3 Cu + 8 HN 0 , = 3 Cu(N 0 8 ) a + 4 H a 0 + 2 N 0 . 

Copper. Nitric acid. Copper nit sate. Water. Nitric oxide. 

Small quantities of nitrous oxide and nitrogen are also 
evolved. 
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With copper and a more dilutt acid, the quantities of 
nitrous oxide and nitrogen increase, the former being produce^ 
according to the equation— 

4Cu +' 10HNO, = 4Cu(N0 3 ) 2 + 511,0 + N„0. 

Copper. Nitric acid. Copper nitrate. Water. Nitrous oxide. 

With a more highly concentrated acid (sp. gr. i' 42 ), nitrogen 
peroxide is formed in large quantity— 

Cu + 4HN0 3 = Cu(N0 3 ) 2 + 2H 2 0 + 2N0 2 . 

Copper. Nitric acid. Copper nitrate. Water. Nitrogen peroxide. 

Using a concentrated acid at a high temperature, consider¬ 
able quantities of nitrogen are<evolved— 

5Cu + 12HN0, = 5 Cu(N0 3 ) 2 + 6H 2 0 + N 2 . 

Copper. Nitric acid. Copper nitrate. Water. Nitrogen. 

With a dilute acid and zinc, nitrous oxide is evolved— 

4Zn + IOHNO 3 = 4Zr(N0 3 ) 2 + 6H 2 0 + N 2 0. 

Zinc. Nitric acid. Zinc nitrate. Water. Nitrous oxide. 

With zinc and a stronger acid— 

4Zn + 9HN0 3 = 4Zn(N0 3 ) 2 + 3H 2 0 + NH 3 

Zinc. Nitric acid. Zinc nitrate. Water. Ammonia. 

The ammonia combines with the excess of acid employed. 
Nitric acid oxidises tin and antimony to hydrated oxides, 
without the formation of nitrates. Thus the reaction with tin 
may be represented by— 

6 Sn + 8HN0 3 + H 2 0 =H 2 Sn 5 0,„4H 2 0 + 

Tin. Nitric acid. Water. Metastannic acid. 

6N0 + 2N0 2 . 

Nitric oxide. Nitrogen peroxide. 

A portion of the nitric acid may be reduced to lower 
oxides, or even converted into ammonia. 

195 . JMitrates.—Most of the metals are vigorously 
attacked by nitric acid, but gold and platinum are unaffected 
by it. Nitric acid being monobasic, can form no acid salts, 
but several basic nitrates exist. The nitrates are soluble in 
water; many of their number are anhydrous, while others 
contain water of crystallisation. 
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The nitrates, like the Icid from which they are derived, 
are powerful oxidising agents; potassium nitrate is used as a 
source of oxygen in gunpowder, which is a mixture pf that 
compound with sulphur and charcoal. 

If charcoal be dropped into melting potassium nitrate, it 
burns with great brilliancy. 

Nitric acid and all the nitrates are decomposed by heat, 
oxides of the metals remain, and oxygen and nitrogen oxides 
are driven off. On heating potassium or sodium nitrate, pure 
oxygen is at first evolved, with the formation of the nitrite 
thus 

2KN0 3 = SKtfO, + 0, 

Potassium nitrate. Potassium nitrite. Oxygen. 

On further heating, the nitrite is decomposed, with evolu¬ 
tion of a mixture of nitrogen and oxygen, the oxide of the 
metal remaining. 

196. Industrial Applications—Nitric acid is largely 
used in the manufacture of sulphuric acid. It is also employed 
in the dissolving of metals, and in the 1 parting ’ of gold and 
silver, and in the formation of nitrates of commercial value. 
It is used in* the manufacture of oxalic acid and gun-cotton, 
also in the preparation of many nitrogenous organic substances 
Among these latter are many of the aniline and other sources 
of dyeing colours. 

197. Action of Acids on Gold.— Gold is attacked by 
neither nitric acid nor hydrochloric acid singly ; but a mix¬ 
ture of the two, on being gently heated, dissolves both gold and 
platinum. (The latter is also unaffected by the single acids.) 
This mixture of acids is generally termed aqua regia (royal 
water), from its power of thus dissolving ‘ the kiag of metals ; ’ 
its activity depends on the production of nascent chlorine, 
which combines with gold, forming auric chloride; the rpaction 
may be represented by the following equation, but varies with 
the different proportions of hydrochloric and nitric acids which 
may be used 

SHNO, + 9HC1 + 2Au = 3N0C1 + 6H a 0 + 2AuCl r 

Nitric add. Hydrochloric Gold. Nitrogen Water. Gold 

add. oxychloride. chloride. 
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198. Nitric Anhydride is an unstable body, and is 
rarely prepared ; it readily unites with water and forms nitric 
acid » 

N 2 0 6 + H 2 0 = 2HNO s , 

Nitric anhydride. Water. Nitric acid. 

Nitrogen Monoxide.—Formula, N a O. Molecular 
weight, 43 ' 74 . Density, 2 T 87 . Specific gravity, 
1 - 519 . 

199 . Preparation. —As previously stated (paragraph 
194 ), nitrogen monoxide, or nitrous oxide, may be prepared on 
gently heating together zinc rand dilute nitric acid. A much 
more convenient method of obtaining nitrogen monoxide is by 
the action of heat on ammonium nitrate, which is decomposed in 
a manner similar to that in which ammonium nitrite, N1I,N0 2 , 
is separated into water and nitrogen ; the nitrate, however, con¬ 
tains another atom of oxygen (its formula being NH,NOa), 
which is evolved in combination with the nitrogen :— 

NH 4 N0 3 = 2II 2 0 + N 2 0. 

Ammonium nitrate. Water. Nitrogen monoxide 

This equation should be compared with that representing 
the decomposition of ammonium nitrite. 

The ammonium nitrate, on being gently heated in a glass 
flask, quickly melts, after which the evolution of the gas soon 
commences. Too violent a heat must not be applied, as if the 
temperature be raised too high, the gas is produced with almost 
explosive rapidity, and nitric oxide is formed in considerable 
quantity. The gas is collected in a pneumatic trough over 
warm water. 

200. Manufacture.— Nitrous oxide is made on the large 
scale in the sanle manner as the small, by the decomposition 
of ammonium nitrate. It is freed from traces of chlorine by 
being passed through a solution of caustic soda, and-from 
nitric oxide by treatment with ferrous sulphate solution. The 
purified gas is then condensed under pressure to the liquid 
form, and stored in wrought-iron cylinders. 

201 . Properties. —Niirogen monoxide is colourless, has 
1 faint, sweetish smell and taste; it is soluble in cold water; 
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1 volume at 15 0 C, dissolves o"j'i volume of the gas. It may 
be condensed to a liquid by a pressure of thirty atmospheres 
at o° C., or at ordinary pressures at a temperature ofj- 99 ° C. 
Nitrogen monoxide supports combustion almost as vigorously 
as oxygen ; oxides are formed, and nitrogen liberated. Carbon 
thus forms carbon dioxide :— 

C + 2NjO = C0 2 + 2N 2 . 

Carbon. Nitrogen monoxide. Carbon dioxide. Nitrogen. 

At a red heat nitrogen monoxide is decomposed into 
nitrogen and oxygen ; this decomposition into free oxygen and 
nitrogen is necessary before bodies can bum in the gas : if the 
heat of the combustion is not sufficient to effect this change, 
burning does no^go on. Thus feebly burning sulphur is 
extinguished by nitrous oxide, but when burning brightly it 
continues to do so almost as vividly as in oxygen. 

The two gases, oxygen and nitrogen monoxide, may, how¬ 
ever, be readily distinguished from each other by the much 
greater solubility of the latter gas, and also by the difference in 
their behaviour with nitric oxide, to which reference will again 
be made. In actual analysis the presence of a residue of 
nitrogen after combustion would also distinguish nitrous oxide 
from oxygen. 

202. Industrial Applications.— Nitrogen monoxide be¬ 
haves as an anaesthetic when breathed ( i.e . a substance which 
causes insensibility to pain), and is largely used for this pur¬ 
pose in minor surgical and especially dental operations. Some 
four or five gallons of the gas are sufficient in most cases to 
produce total insensibility; before this stage, particularly if 
mixed with air or oxygen, it in many persons causes a kind of 
intoxication, often accompanied by violent fits of laughter; 
because of this it has received the popular name of ‘ laughing 
gas.’ 

203. Composition.— On gently heating potassium in 
nitrous oxide, the metal commences to burn, with the formation 
of solid potassium peroxide 

4N,0 + 2K = : Kj0 4 + 4N 2 . 

Nitrous oxide. Potassium. Potassium peroxide. * Nitrogen. 
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For the purpose of this experiment a U-tube of difficultly 
fusible glass is prepared, with one limb three inches and the 
other abput fifteen in length. A bulb is first blown on what is 
to be the shorter limb. Into this a pellet of potassium about 
the size of a pea is introduced. The tube is arranged to stand 
inverted, with its open end under the surface of some mercury 
in a pneumatic trough, and is filled by displacement with pure 
nitrous oxide. (This may be effected by pushing a piece of 
india-rubber tubing into the U-tube, so that its end reaches 
right round the bend into the bulb.) By tilting the tube with 
its open end under the mercujy, some of the gas is allowed to 
escape so that the mercury in the inverted U-tube stands con¬ 
siderably above the level of that in the trough, on the tube 
being replaced in the vertical position. This height is then 
carefully noted. The potassium is next gently heated with a 
bunsen; it melts and burns until the whole of the oxygen of 
the nitrous oxide is consumed. At the same time the mercury 
descends in the other limb, as a result of the expansion of the 
gas through heat; but if the length of tube be properly arranged, 
none of the gas will escape. Combustion being over, and the 
gas having regained its previous temperature, it il found to 
have the same volume as that before the reaction had occurred. 
We thus see that nitrous oxide yields, on decomposition, its 
own volume of nitrogen, or that a molecule of the oxide yields 
a molecule of nitrogen gas. 

Another method of determining the composition of nitrogen 
monoxide is by explosion in a eudiometer with hydrogen in 
excess. Thus if ten volumes of nitrous oxide be placed in the 
eudiometer and twelve volumes of hydrogen added, and then 
the mixture exploded by passing an electric spark, the following 
reaction occurs 

N a 0 + H, = N a + H a 0. 

Nitrous decide. Hydrogen. Nitrogen. Water. 

There will consequently be a reduction of volume by ten 
measures. In the next place it is necessary to determine the 
excess of hydrogen remaining: this is effected by adding excess 
of oxygen, say four volumes) and again exploding; there will 
be a diminution of three volumes, consisting, we know, of two 
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volumes of hydrogen anti one volume of oxygen; thirteen 
volumes of gas will still remain in the eudiometer. Of this we 
know three are oxygen, because they were added in measured 
quantity; the remaining ten consist of nitrogen. In the first 
explosion 12 —a=io volumes of hydrogen combined with the 
oxygen of the nitrous oxide; we know, therefore, that the 
quantity of oxygen it contained, if measured in the free state, 
would amount to five volumes. The experiment proves then 
that ten volumes of nitrous oxide yield ten volumes of nitrogen, 
and oxygen equivalent to five volumes to hydrogen to form 
water ; or, two molecules of nitrous oxide yield two molecules 
of nitrogen and one molecule of oxygen, according to the 
equation 

2y a O = 2N a + 0 2 . 

This may be further proved by repeatedly passing nitrous 
oxide through a red-hot tube, when two volumes increase to 
three. 

Nitric Oxide or Nitrogen Dioxide.—Formula, NO 
(or N.A). Molecular weight, 2981. Density, 14'90'. 
Specific gravity, 1035. 

204. Preparation.— As already described, nitric oxide, in 
a more or less pure condition, is produced by the action of 
copper on moderately concentrated nitric acid. The prepara¬ 
tion is effected in an ordinary gas flask fitted with thistle- 
funnel and delivery-tube; it is collected over water. The pro¬ 
portion of impurities increases as copper nitrate is formed; it 
is well, therefore, to employ acid and metal in considerable 
excess, using only the earlier quantities of gas collected. To 
prepare pure nitric oxide, the gas is passed into a cold con¬ 
centrated solution of ferrous sulphate, by which it is absorbed. 
This solution on being heated yields the gas in its pure state. 

205. Properties.— This gas is colourless, but immediately 
on coming in contact with air combines with the oxygen and 
forms higher nitrogen oxides of a ruddy tint; from its possess¬ 
ing these properties it is difficult to either taste or smell it 
The strong odour observed during its preparation is that of 
these higher oxides. 
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Nitric oxide has until recently been considered a permanent 
gas, but was liquefied by Cailletet at — n° C. by a pressure of 
104 atmospheres. It is much more stable than nitrogen mon¬ 
oxide, and may be subjected to even a red heat without de¬ 
composition ; consequently a lighted taper does not burn in it. 

Phosphorus, when feebly ignited, is also extinguished, but 
if strongly ignited burns with almost as much brilliancy as in 
pure oxygen :— 

P 4 + IONO = 2P 2 0 5 + 5N a . 

Phosphorus. Nitric oxide. Phosphorus Nitrogen. 

pentoxide. 

A mixture of carbon disulphide vapour and nitric oxide 
burns with an intense bluish light. 

Nitric oxide is not itself combustible,. One of its most 
striking properties is the power it possesses of spontaneously 
combining with oxygen on the two being brought together; 
the resultant ruddy gas is a mixture of nitrogen trioxide and 
peroxide in varying proportions :— 

4NO + Oj = 2N 2 0 3 , Nitrogen trioxide. 

2NO + 0 3 = 2N0 2 , Nitrogen peroxide. 

As nitrous oxide does not possess this property, this reac¬ 
tion serves to distinguish the one gas from the other. This 
may be demonstrated by taking a jar of pure oxygen and pour¬ 
ing up into it in the pneumatic trough pure nitric oxide from 
another jar, bubble by bubble. With each addition of nitric 
oxide red fumes are formed, which gradually disappear, and 
the water rises in the jar. If the two gases be pure, the addi¬ 
tion of nitric oxide in this manner causes the oxygen to dis¬ 
appear entirely. If nitric oxide is added in a similar manner 
to nitrous oxid ( e, no red fumes nor diminution of volume is 
produced : the gases are without action on each other. 

The reason of the above reaction is that, while nitric oxide 
is but feebly soluble in water (water dissolves about one- 
twentieth of its volume), the higher oxides produced are very 
soluble, and are thus absorbed as rapidly as formed. 

206. Industrial Applications.— Owing to its property 
of directly combining with, atmospheric oxygen to form the 
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higher oxides, nitric oxideWulfils most important functions in 
the manufacture of sulphuric acid. These, together with its 
preparation for that purpose, are explained fully in the descrip¬ 
tion of sulphuric acid manufacture. 

207. Composition.— The composition of nitric oxide 
may be determined by heating potassium in the gas in a 
manner similar to that employed with nitrous oxide. In this 
case the remaining volume of nitrogen is one-half that of the 
original gas. By strongly heating charcoal in nitric oxide, the 
gas is decomposed with the formation of carbon dioxide and 
liberation of free nitrogen. This thangc having been effected 
in a suitable vessel, the volume of gas is found to be unaltered. 
On heating the residual mixture with potassium hydrate, half 
the total volume is thus absorbed, leaving the other moiety of 
free nitrogen. Carbon dioxide contains its own volume of 
oxygen, therefore two volumes of nitric oxide are shown to 
yield on decomposition one volume each of nitrogen and 
oxygen, a change which agrees with the equation :— 

2NO = N 2 + 0 8 . 

• Nitric oxide. Nitrogen. Oxygen. 

The density of the gas necessitates its being represented 
by the formula NO, but as so written the nitrogen has an un¬ 
satisfied valency bond, thus —N=0. This has led some 
chemists to assume that the normal molecule of nitric oxide is 
really N 2 0 2 , in which case the valency difficulty is obviated j 
thus 0=N—N=0; and hence the name nitrogen dioxide 
has been adopted and is still at times used. Against this view 
there is the fact that, even down to a temperature of - 70 ° C, 
the gas has a density corresponding to thft formula NO 
Further, it is a general rule that the more atoms a molecule - 
contains, the more unstable it is. Nitric oxide is mor| stable 
than nitrogen monoxide, and this, therefore, is an additional 
reason for considering NO to be its true formula. As we have 
already seen, it is not an absolute necessity for the existence 
of any compound that all the valency links of each element it 
contains shall be satisfied. 
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Nitrogen Trioxide.—Fornfhla, N a O». Molecular 
weight, 75'50. Density, 37 76. 

Nitrous Acid.—Formula, HNO* 

208. Preparation.— This gas is one of the products of 
the oxidation of nitric oxide. By passing a mixture of dry 
nitric oxide and nitrogen peroxide (evolved by heating arsenic 
trioxide, As 2 0 3 , with nitric acid, density i' 3 ) through a red- 
hot tube, nearly pure nitrogen trioxide is formed. This may 
be condensed by a freezing mixture to a volatile blue liquid, 
from which red fumes are rapidly evolved. 

209. Properties.—Nitrogen trioxide dissolves in a small 
quantity of water to form nitrous acid. This is, however, so 
unstable that even the addition of more water causes its 
decomposition :— 

N a Oj + H a O = 2HNOj. 

Nitrous anhydride, or Water. Nitrous acid, 

nitrogen trioxide. 

If the gas be passed into a solution of caustic potash or 
ammonia, it is absorbed, and a nitrite is formed :— 

N 2 0 3 + 2KHO = 2KN0 2 + H 2 0. 

Nitrous Potassium Potassium ’Vater. 

anhydride. hydrate. nitrite. 

Nitrites of the alkaline metals are also formed when the 
nitrates are heated until one atom of oxygen is expelled from 
the molecule. 

Nitrites are decomposed by stronger acids, with evolution 
of nitrogen trioxide :— 

2KNO, + H 2 S0 4 = K 2 S0 4 + HjO + N 2 0 3 . 

Potassium Sulphuric acid. Potassium Water. Nitrogen 

nitrite. sulphate. trioxiue. 

This represgnts the simplest action of acids, but in the pre¬ 
sence of water, two molecules of nitrogen trioxide undergo fur¬ 
ther decomposition, re-arranging their oxygen so as to form 
nitric dkide and nitric acid. 

Nitrogen Peroxide.—Formula, NO* Molecular 
weight, 46-69. Density, 22-86. 

210. Preparation.— This body is the principal substance 
formed when nitric oxide is oxidised by the action of excess of 






'• 'i 


mixture of ice and salt. At first a greenish liquid distils 
over, due to the presence of minute traces of moisture. These 
being expelled, the anhydrous peroxide condenses as colourless 
prismatic crystals, and may be collected as such by changing 
at this stage the U tube for another which is perfectly dry. 

2X1. Properties. -Obtained in the manner just de 
scribed, nitrogen peroxide consists of crystals,which melt at 
— xo° C., into an almost colourless liquid; with a rise of 
temperature, this liquid deepens in colour through various 
shades of orange, until at ordinary temperatures it is’a deep 
red. The liquid boils at 22 " emitting a vapour of a 
reddish-brown colour, which has the characteristic odour of 
nitrous fumes. The colour of this gas darkens with an increase 
of temperature until, at about 38 °, It is almost opaque. This 
change in colour is probably accompanied by a dissociation 
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of the molecule : it is probable that at temperatures just above 
the boiling-point a portion at least of the gas exists as mole- 
tules, represented by N 2 0 1 ; these become decomposed with 
the higher temperature into N0 2 molecules. The dissociation 
is absolutely complete above 154 ° C. 

Nitrogen peroxide supports the combustion of a taper; it 
is very soluble in water, forming nitric acid and nitric oxide, 
which latter, in the presence of free oxygen, is converted into 
the peroxide, which is again acted on by the water, and thus 
by a series of changes the whole of the nitrogen peroxide is 
converted into nitric acid. ,, 

212. Other Nitrogen Compounds.— I’assing mention 
must be made of other compounds of nitrogen. Among these 
are:— 

Hydroxylamine, NH 2 HO.—This body, known also as 
oxy-ammonia, may be viewed as ammonia in which one of the 
atoms of hydrogen is replaced by the hydroxyl semi-molecule, 
HO. It may be prepared by the action of nascent hydrogen 
on some of the oxides of nitrogen. Thus it has been explained 
that zinc and nitric acid yield ammonia ; employing tin, 
hydrochloric acid, and a nitrate, the nascent hydrogen from 
the action of the acid on the tin, attacks the nitrate and 
reduces it, with the formation of hydroxylamine, which com¬ 
bines with the hydrochloric acid and forms hydroxylamine 
hydrochloride, NIIjHOHCl. This salt is procured in the 
pure state by processes of crystallisation, and from it hydroxy¬ 
lamine in a state of solution may be obtained. Hydroxylamine 
is a volatile and very unstable base, and is of interest as one 
of the very numerous class of bodies termed substitution am¬ 
monias, which -re produced by the replacement of the hydrogen 
of ammonia by various radicals, the majority of which are 
organic. It should be observed that hydroxylamine combines 
with tfie whole of the hydrochloric acid molecule, and not 
simply the chlorine; in this respect it is similar to ammonia :— 
NHjHO + HC1 = NHjHOHCl, or NHjHOC’L 

Hydroxylamine. Hydrochloric Hydroxylamine hydrochloride, 

acid. 

NH 3 + Her = NHjHCl or NH 4 C1 

Ammonia. Hydrochloric acid. Ammonium chloride 
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The radical which mua be viewed as the analogue of the 
metals potassium or sodium in this case, is the hypothetic 
NIIjHOH, or NH 3 HO (which might be called ‘hydroxyl- 
ammonium’) which corresponds to the also hypothetic NII 3 H 
or Nil,, ammonium. 

Chloride of Nitrogen, NHC1 2 or NC1 ; ,.—On inverting 
a jar of chlorine over a dilute solution of ammonium chloride 
contained in a leaden dish, drops of an oily yellow liquid are 
gradually formed and collect at the bottom of the dish. These 
drops consist of chloride of nitrogen, which is probably the 
most violent and dangerously explosive compound known. 
Contact with the slightest trace of grease or turpentine and 
other substances causes its explosion with terrible violence. 
The preparation of chloride of nitrogen has been frequently 
attended with fatal results; its production should therefore 
not on any account be attempted except by the most skilled 
experimentalists. 

The analysis of chloride of nitrogen is most difficult be¬ 
cause of its explosive nature. It is probably a substitution 
compound formed by the replacement by chlorine of either 
the whole or jt portion of the hydrogen of ammonia. There 
may be more than one of these chlorides of nitrogen. 

Cyanogen, C a N a .—This body is a gas having the density 
25 'S.I and therefore consisting of two atoms each of carbon 
and nitrogen in the molecule. It is readily prepared by heat 
ing mercury cyanide, Ilg((,'N) 2 :— 

Hg(CN) a = Hg + C s Nj. 

Mercury cyanide. Mercury. Cyanogen. 

The gas is soluble in water, possesses a peculiar odour, 
and is readily inflammable, burning with a characteristic pur¬ 
plish-coloured flame. The principal interest in cyanogen is that 
its semi-molecule, CN, is a most important radical; it forms 
a series of compounds very similar in chemical construction to 
those of halogens. Thus we have hydrocyanic acid, HCN, 
and cyanides, KCN, &c., in which the group CN is found to 
act as a mineral radical, and thus fill a place analogous to that 
occupied by chlorine. This radica'r is of such importance 
that, like ammonium, it has received a special symbol, G 

0 a 
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instead of CN. The constitution of this radical is shown 
graphically thus —C=N. Below are given the corresponding 
formulae of hydrochloric and hydrocyanic acids :— 

H—Cl H - CE=N. 

Carbon and nitrogen cannot lx; made to combine directly 
when heated alone. But in the presence of potassium at a 
high temperature combination ensues, and potassium cyanide, 
KCN or KOy, is formed ; from this body hydrocyanic acid is 
obtained. 

Hydrocyanic Acid, IICN or HCyv- Hydrocyanic acid 
is a volatile liquid, having an odour somewhat resembling that 
of bitter almonds. It is miscible with water in all proportions, 
and may be obtained by heating either potassium cyanide or 
potassium ferrocyanide, K,B’eCy,,, with dilute sulphuric acid, 
and distilling. The lattci is the more convenient salt to use, 
and when the aqueous acid is required the vapours produced 
by distillation are carried over and absorbed in water. Hydro¬ 
cyanic acid is one of the most poisonous substances known, 
the inhalation of small quantities of its vapour being sufficient 
to cause death. It reddens litmus, but is so feebly acid that 
it is displaced from its combination with liases by even so 
weak an acid as carbonic acid ; hence potassium cyanide has 
always a feeble odour of hydrocyanic acid, caused by its 
decomposition by the carbon dioxide present in atmospheric 
air. Hydrocyanic acid is monobasic, and forms an extensive 
series of salts, which, with the exception of those of the alkalies 
and alkaline earths, are insoluble in water. Many of the 
metals produce with the alkaline cyanides soluble double 
cyanides, as AgKCy 2 and others. These are readily de¬ 
composed by' a dilute acid, but a second class of double 
cyanides is known in which a much more intimate union of 
the two cyanides occurs. Among these is potassium ferro¬ 
cyanide, K,FcCy 6 or (KCy) 4 FeCy 2 . This body is not de¬ 
composed by the addition of a dilute acid, but yields a body 
having the composition H,FcCy, ; , which possesses well-defined 
acid properties, and has been named ferrocyanic acid. A 
number of acids of this type exist. 
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The alkaline cyanides readily combine with oxygen, form¬ 
ing cyanates, as potassium cyanate, KCNO; they arc in 
consequence powerful reducing agents. 


CHAPTER XVI 

SUI.IMIUR AND SUU'HUKKTTKD HVDROGRN 

Sulphur. Symbol, S. Atomic weight, 3T83. Spe¬ 
cific gravity of native crystals. 207. Molecular weight 
at 482° C., 190 98. Observed density, 95-85. Mole¬ 
cular weight at 1040° C., 6366. Observed density, 
32T8. Melting-point, 113°. Boiling-point, 446°. 

213. Occurrence.— Sulphur is a widely distributed ele¬ 
ment, occurring in the free state in Sicily, Iceland, and other 
volcanic districts. Many of the ores from which metals are 
derived are compounds of these metals with sulphur; in the 
list of these are included the sulphides of lead, copper, mer¬ 
cury, and zim?. These native metallic sulphides are frequently 
characterised by their possessing a bright metallic lustre. One 
of the most commonly occurring of such sulphides is that of 
iron, termed iron pyrites, and having the formula FeS 2 . This 
substance is not worked for iron ; but as sulphur is largely 
extracted from it as a commercial operation, it is frequently 
termed ‘ sulphur ore.’ 

The sulphates are another important class of natural bodies 
containing sulphur. Of these gypsum or calcium sulphate, 
CaSO„ and barium sulphate, IlaSO.,, occur in lryge quantity. 

Many organic bodies contain sulphur as an essential in¬ 
gredient, especially albumin. Hence, in their putrefaction, 
sulphur compounds are among the products, and are always 
present in sewage gases, &c. White of egg is an almost pure 
form of albumin, and owes its odour when rotten to the pre¬ 
sence of a compound of sulphur and hydrogen. 

214. Extraction.— The free sulphur collected in volcanic 
districts is contaminated with earthy impurities. These are 
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removed on the spot by melting the sulphur from them; or, 
in the poorer samples, by the process of distillation. For this 
purpose the rocky matter containing the sulphur is arranged 
in heaps, and then set fire to at the bottom. A portion of the 
sulphur in burning melts out the remainder. The crude 
sulphur thus obtained is further purified on its arrival in this 
country by being a second time distilled in an apparatus such 


Fig. 5 ; 3. 



as is shown m fig. 50 . mo is a pot in which the sulphur is 
first melted. It is from this allowed to run into the cast-iron 
retort e ; in this it is distilled by the action of heat, and its 
vapour finds its way through d into the brickwork chamber a. 
The heat being slowly applied, the first portions of vapour 
entering the chamber condense to the solid form, and fall to 
the bottom as a fine dust, which constitutes what is commer¬ 
cially known as ‘ flowers of sulphur.’ At a higher temperature 
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the walls of the chainbA become heated , the sulphur con¬ 
denses on them in the liquid form, and collects as a liquid 
mass, s, on the floor of the chamber. On opening the plug at 
0 , the sulphur is drawn off into cylindrical wooden moulds and 
allowed to solidify. In this manner is produced the roll 
1 brimstone’ of commerce. 

To obtain sulphur from sulphur ore—iron yiyrites—a layer 
of brushwood is first deposited, on which the ore is built into 
mounds, and covered over with a coating of previously burnt 
ore. Openings are made at the top and near the bottom; the 
brushwood is lighted, and with the heat the sulphur is expelled 
from the ore, according to the equation : — 

HFcS 2( — Fe 3 S 4 + S 2 . 

Ferric sulphide. Tiifciric tetrasulphidc. Sulphur. 

In this mode of extraction a considerable waste of sulphur 
occurs, through its being oxidised into sulphur dioxide. 

215 . Properties. —Sulphur is a lemon-yellow solid. It 
is insoluble in water, and therefore possesses no taste, but has 
a faint odoyr. The rolls of sulphur are extremely brittle, and 
as it is also a bad conductor of heat, the warmth of the hand 
is often sufficient to cause a roll to fall in pieces when held. 
It melts at a temperature of 113 ° C. to a limpid yellow liquid, 
which, if allowed to cool slowly, deposits long prismatic needle¬ 
like crystals. To obtain these the sulphur should be melted 
in a crucible, at as low a temperature as possible. The 
crucible is then set aside until a solidified crust has formed on 
the surface; this is pierced in two places with a hot iron, and 
as much as possible of the still melting sulphur run out. On 
then removing the crust a fine crop of crystals is seen within. 
These are at first perfectly transparent, but after a time become 
opaque, through each breaking up into a number qf minute 
rhombic octahedral crystals. The external form is still re¬ 
tained, but little coherence remains. 

If sulphur be dissolved in carbon disulphide, and the liquid 
then allowed to evaporate, the sulphur is obtained in octa¬ 
hedral crystals of the rhombic system. These are permanent 
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in air, and the form is that in which native sulphur crystals 
occur. 

There arc, then, two distinct forms in which sulphur 
crystallises ; the one from fusion, the other from solution. 
The latter are permanent, the former unstable, gradually 
changing into the latter. The two crystalline forms are also 
distinguished from each other by their specific gravity; that of 
the prismatic crystals is 196, and that of the octahedral or 
permanent form is 2'o-j. 

In addition to these two varieties, there is another known 
as plastic sulphur, whose properties widely differ from those of 
either. If, instead of allowing the limpid yellow liquid, pro¬ 
duced as a result of melting sulphur, to cool, the application 
of heat be continued, a remarkable scries of changes ensues. 
The colour gradually darkens as the temperature rises ; at the 
same time tire liquid becomes thicker, until, at a temperature 
of 180 0 C., the mass is almost black, and so viscid that the 
vessel may be momentarily held inverted without the sulphur 
running out. With a further increase of temperature, the 
sulphur again becomes liquid, but remains of a much thicker 
consistency than it possessed on first melting. If while in this 
state it be poured into water, a soft, indiarubber-like mass is 
produced, of a yellowish-brown tint, which may be drawn out 
into long threads. The difference between these and the 
common brittle form of sulphur is very striking. In a few 
hours it loses its tenacity, becoming again opaque and brittle. 
Plastic sulphur is insoluble in carbon disulphide, but on once 
more acquiring the brittle state it becomes partly soluble, 
leaving, however, a brown powder, which remains insoluble until 
converted by fusion into the ordinary crystalline variety. 

In addition (o the forms of sulphur described, there are 
some other varieties, which, however, are not of great import¬ 
ance. ( 

At the temperature of 44C C. sulphur boils, with the forma¬ 
tion of a dark brownish-red vapour, having, at temperatures up 
to about 480°, a density of 95 85, from which a molecular 
weight of i92'36 is deduced. This weight agrees with that 
required for a hexatomic molecule, and, accordingly, it is con- 
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eluded that at this temperafure the molecules of sulphur each 
contain six atoms. With an increase in temperature, the 
density gradually diminishes until, at 1040°, the density is 
32 # i 8, a figure which closely agrees with that theoretically 
required for a diatomic molecule. At the intermediate tem¬ 
peratures sulphur probably exists as an intermixture of diatomic 
and hexatomic molecules. 

Sulphur is an element which enters vigorously into com¬ 
bination with other elements; it is on the one hand inflam¬ 
mable, and on the other supports the combustion of various 
bodies. Thus on being heated in either air or oxygen, sulphur 
burns with either a pale blue or more vivid lilac-coloured 
flame, at the same time emitting a suffocating odour, the 
reaction being represented by :— 

S a + 20 a = 2 SO,. 

Sulphur. Oxygen. Sulphur dioxide. 

Traces of a higher oxide of sulphur are also produced, the 
formation of which will be subsequently described. 

If, in the next place, sulphur be raised in a flask to the 
boiling-point so as to produce an atmosphere of sulphur 
vapour, a find coil of copper enters into vivid combustion on 
being introduced into this sulphur atmosphere. Many other 
metals combine readily with sulphur, especially noticeable 
among them being silver, which forms a coating of sulphide at 
ordinary temperatures. This is the more remarkable, as silver 
is a metal which does not readily enter into combinations. 

216. Industrial Applications.-— The principal use of 
sulphur is indirectly in the manufacture of sulphuric acid. It 
is employed, although to a much less extent than formerly, in 
the production of matches. Sulphur also forms one of the 
most important ingredients of gunpowder. 

217- Sulphides.— With the exception of those. of the 
alkalies and alkaline earths, the sulphides are insoluble in 
water. The metallic sulphides have almost invariably corre¬ 
sponding formulae to the oxides, sulphur acting in these bodies 
*s a dyad element. Two compounds of sulphur with hydrogen 
arc known, having respectively the formulae SH s and S,H,. 
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They are analogous in composifion to the corresponding 
oxides, OH 2 and 0 2 H 2 . The latter sulphide, hydrogen per¬ 
sulphide, S 2 H 2 is, like the peroxide, an unstable body, and has 
little practical importance. The normal sulphide, SII 2l re¬ 
quires a more extended description. 

Sulphuretted Hydrogen.—Formula, SH* Mole¬ 
cular weight, 33 ' 83 . Density, 16 ' 91 . Specific gravity, 
1182 . 

2l8. Occurrence. —This compound, which is also some¬ 
times known by the name of hydrosulphuric acid, is found free 
in volcanic districts, and also in the waters of certain mineral 
springs, as those at Harrogate. 

2x9. Preparation. —It is formed wh<jn hydrogen is passed 
into sulphur vapour, but only in small quantities. 

S 2 + ?.H 2 = 2 SH 2 . 

Sulphur. Hydrogen. Sulphuretted hydrogen. 

Sulphuretted hydrogen is commonly prepared for use in 
the laboratory by the action of dilute sulphuric acid on a sul¬ 
phide, that of iron being usually chosen. The reaction goes 
on readily, without the application of heat, the iron displacing 
the hydrogen, and the sulphur and hydrogen uniting. 

FeS + H 2 SO, = FeS 0 4 -f SII 2 . 

Ferrous Sulphuric acid. Ferrous Sulphuretted 

sulphide. sulphate. hydrogen. 

A similar apparatus is employed to that used for the 
preparation of hydrogen from dilute sulphuric acid and zinc. 
Ferrous sulphide usually contains metallic iron as an impurity, 
and consequently the evolved sulphuretted hydrogen contains 
free hydrogen. For the great majority of purposes this is 
no detriment, but when pure sulphuretted hydrogen is re¬ 
quired, antimonious sulphide is gently heated with a concen¬ 
trated solution of hydrochloric acid :— 

Sb 2 S» + CHC 1 = 2 SbClj + 8SH a . 

Antimonious Hydrochloric Antimonious Sulphuretted 

sulphide. acid. chloride. hydrogen. 

Sulphuretted hydrogen, is soluble in cold water, one volume 
at 15° C. dissolving 3-23 Volumes of the gas. This solution is 
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of great importance in the laboratory, and is prepared by pass¬ 
ing the gas from the generating flask a, fig. 51, through a 
wash-bottle, b, and then into a beaker or other vessel contain¬ 
ing water, until the water is 
saturated with the gas. 

220. Properties. — Sul¬ 
phuretted hydrogen is a colour¬ 
less gas, having a character¬ 
istic odour of rotten eggs. 

The solution in water has a 
corresponding odour, and , 

sweetish taste. It is inflam¬ 
mable, and a non-supporter of 
combustion. With excess of oxygen, sulphur dioxide and 
water are produced by the burning of this gas, according to 
the equation : - 

2 SII 2 + 30 2 = 2 S 0 2 + 211 , 0 . 

Sulphuretted Oxygen. Sulphur Water, 

hydrogen. dioxide. 

On bolding above the flame a rod dipped in ammonia 
the sulphuvlioxide forms a solid compound, named ammonium 
sulphite. The fumes of this body are evidence of the presence 
of sulphur dioxide — 

SO, + 2 N 1 I 4 II 0 = (NH 4 ),S 0 3 + 11 , 0 . 

Sulphur Ammonium Ammonium Water. 

dioxide. hydrate. sulphite. 

Sulphuretted hydrogen produces no fumes with ammonia. 
More conclusive evidence of the presence of sulphur dioxide 
as one of tiie products of combustion is afforded by holding 
the nose above the flame, when its characteristic odour is 
observed. When the supply of air is limited, as when the gas 
burns in a jar, the sulphur is in great part deposited, the 
hydrogen only being burned. 

2 SH, + 0 , = S, + 211 , 6 . 

Sulphuretted Oxygen. Sulphur. Water, 

hydrogen. 

Under a pressure of seventeen atmospheres, sulphuretted 
hydrogen condenses to a colourless liquid, whose boiling and 
freezing points are respectively — 62° and -86°C. 
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Water at ordinary temperatures dissolves about 3-25 volumes 
of the gas, forming a solution which changes the colour of 
litmus to a port-wine tint; lienee the employment of the 
name hydrosulphuric acid. 

221. Composition. - Sulphuretted hydrogen is decom¬ 
posed into sulphur and hydrogen by being subjected to a red 
heat. Using a special U-tube, sucii as that employed for the 
determination of the composition of nitrous oxide gas by the 
action on it of potassium, the composition of sulphuretted 
hydrogen is thus determined. The bulb of the tube is charged 
with granulated tin, and theiv the instrument filled with sul¬ 
phuretted hydrogen over mercury, and heated exactly as in 
the nitrous oxide experiment. On heating the tin, stannous 
sulphide (SnS) is formed, and at the conclusion of the reaction 
a volume of hydrogen is found to remain, exactly equal to that 
of sulphuretted hydrogen taken. Sulphuretted hydrogen, 
therefore, yields its own volume of hydrogen, a fact repre¬ 
sented in the following molccula' equation:— 

SH 2 + Sn = SnS + M,. 

Sulphuretted Tin. Stannous Hydroyen. 

hydrogen. sulphide. • 

222. Acidity of Sulphuretted Hydrogen.-The 

action of sulphuretted hydrogen on litmus shows that the 
gas possesses acid properties. These are, however, so feeble 
that in the case of soluble sulphides carbon dioxide is able to 
displace the sulphuretted hydrogen. The sulphides of all the 
metals are insoluble in water, with the exception of those 
of calcium, barium, strontium, magnesium, sodium, and potas¬ 
sium, and a few of the very rare metals. The insolubility of 
the other metallic sulphides affords to the analyst a very valu¬ 
able means of separating those metals from the group above 
mentioned. 

Whenever two compounds are brought together which 
respectively contain elements that by their union are capable 
of forming an insoluble compound, that compound will usually 
be produced; so that, although sulphuretted hydrogen is a 
weak acid, it is thus able to displace stronger ones from many 
metals. 4 current of sulphuretted hydrogen passed through 
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a solution of copper cflloride precipitates copper sulphide; 
thus—• 

CuCl 2 + H 2 S = CuS + 2IIC1. 

Copper chloride. Sulphuretted Copper sulphide. Hydrochloric 
hydrogen. acid. 

And this although hydrochloric acid is so much more powerful 
in its properties. 

These sulphides have, in many cases, characteristic colours, 
hy which they are immediately recognised. They possess the 
further advantage of being divided mto two groups, one of 
which is soluble in dilute hydrochloric acid, the other not so. 

Thus, if sulphuretted hydrogen be passed through acidu¬ 
lated solutions of the following substances - arseniousanhydi ide, 
copper sulphate, lead acetate, tartar emetic or antimony chloride, 
zinc sulphate, and ferrous sulphate—the following results are 
observed: — 


As./), + 3SIIj 

Arseninas 

anhydride. 


= 311,0 4- As 2 S„ Lemon Yellow 
A, ™“ Precipitate. 

sulpmue. * 


CuSO, 4- SIIj = HjSO, + CuS, Black Precipitate. 

Copper Copper 

sulphate. ^ sulphide. 

Ph(C./I,0 2 ) 2 + SIIj = 2110/1,0, 4 - PhS, Black Precipitate. 

I.ead acetate. Acetic acid. Lead sulpiride. 


2SbCI, + 3SH 2 = CUC1 + Sb 2 S„ Orange Precipitate. 

Antimotry Antimony 

chloride. sulphide. 

ZnSO,, Zinc Sulphate) In acid solution SII 2 produces no pre- 
I'eSO., Iron Sulphate I cipitate. 


I he passage of sulphuretted hydrogen through fresh portions 
of zinc and iron sulphates rendered slightly alkaline by the 
addition of ammonium chloride and ammonia, yields: - 

ZnS0 4 4 - SH 2 = H,SO, 4 - ZnS, White Precipitate. 

Zinc sulphate. Zinc sulphide. 

FcS0 4 + SH 2 = H 2 S0 4 + FeS, Black Precipitate. 

Iron sulphate. Iron sulphide. 

The sulphuric acid formed combines with the excess of am¬ 
monia present. On the addition rff a few drops of hydrochloric 
add to these precipitates they are immediately redissolved. 
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The sulphides are not only well-defined salts, but also a 
series of bodies of great importance to the analyst. 

Sulphuretted hydrogen may be viewed as a dibasic acid, 
and in fact forms a series of well-marked bodies which may be 
regarded as acid or hydric sulphides. Among these wc have 
potassium hydrosulphide, KHS, and ammonium hydrosul- 
phide, AmllS, a liquid produced by saturating a solution of 
ammonium hydrate with sulphuretted hydrogen. 

223. Decompositions of Sulphuretted Hydrogen.— 

The great affinity of hydrogen and chlorine for each other 
causes the decomposition of the sulphuretted hydrogen. Thus, 
if a jar of each of the gases be brought together, hydrochloric 
acid is at once formed and sulphur deposited according to the 
equation— 

2SH, + 20, = 4HC1 + S,. 

Sulphuretted Chlorine. Hydrochloric Sulphur, 

hydrogen. acid. 

Free oxygen has no action on the dry gas, but in the 
presence of water a slow oxidation takes place. Hence an 
aqueous solution of sulphuretted hydrogen becomes turbid on 
exposure to the atmosphere, through the separation of sulphur 
and the formation of water— 

2SH, + 0 2 = S 2 + 2HjO. 

Sulphuretted hydrogen. Oxygen. Sulphur. Water. 

A curious and interesting reaction takes place between 
sulphuretted hydrogen and sulphur dioxide when moist; on 
bringing together the mouths of two jars containing these 
gases they decompose each other, with the separation of sulphur 
and formation of water. Apparently the decomposition is in 
part determined by the affinity of the sulphur atoms for each 
other, in the same way as the affinity of oxygen atoms causes 
the mutu&l decomposition of hydroxyl and silver oxide. In the 
above reaction an acid of sulphur known as pentathionic acid 
is also formed— 

10SO, + lOSIIj = f>S, + 8H,0 + 2H 2 S{0 6 . 

Sulphur Sulphuretted Sdlphur. Water. Pentathionic 

dfexide. hydrogen. acid. 
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This reaction is of interest as being that by which probably 
much of native sulphur has been deposited, both of these 
gases being emitted from volcanoes. 

224. Other Sulphur Compounds.— Among the com¬ 
pounds of sulphur with other elements, the following merit a 
short description:— 

Sulphur Chloride, S^Cl?.—On passing chlorine over 
melted sulphur, a chloride is formed, having the formula 
S 2 C1 2 . This body is a volatile liquid, and may be condensed 
by collection in a receiver kept cool by a current of water. As 
thus prepared, the chloride contains an excess of chlorine, 
from which it is freed by redistillation from powdered sulphur. 
Sulphur chloride is a yellow liquid possessing a peculiar pene¬ 
trating smell. It readily dissolves sulphur, and on contact 
with water yields hydrochloric and sulphurous acids. On pass¬ 
ing chlorine into sulphur chloride at low temperatures, chlorides 
are formed which contain a higher proportion of chlorine. The 
formulae of these are SC1 2 and SC1 4 ; they are both unstable 
and unimportant bodies. 

Carbon Disulphide, CS 2 .—This most important body is 
produced by the combustion of charcoal in sulphur vapour. 
On the small scale it may be prepared by attaching a retort to 
an iron tube loaded with charcoal and placed in a furnace. 

I he further end of this tube is connected with a condensing 
worm, the end of which enters a receiver. The iron tube is 
made red-hot and the sulphur in the retort caused to boil, so 
that its vapour passes over the red-hot charcoal. Combination 
occurs according to the following equation:— 

C + S a = CS a . 

Carbon. Sulphur. Carbon disfllphiuo. 

T he disulphide condenses to a volatile liquid in its passage 
through the condenser. t 

On the large scale carbon disulphide is prepared in an 
apparatus, one form of which is shown in fig. 52 . The vessel c, 
in which the charcoal is heated, is about six feet high and con¬ 
structed of cast iron. At the top is an opening, through which 
the charcoal is admitted. Towards the bottom is a tube, d 
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fitted with a cover, e. This vessel is enclosed in brickwork, 
and having been charged with charcoal is raised to a red heat 
by the fire underneath. From time to time sulphur is added 
through the tube d ; this volatilises, and its vapour passing up- 



w'<i'iti7/£A ' '«» - • 


wards througn the charcoal is converted into the disulphide. 
Through the tube f g the vapour passes into a receiver h, in 
which any solid impurities carried over mechanically are de¬ 
posited. From this the vaporous disulphide passes through t 
into a series of condensing vessels j k i, enclosed in a tank of 
cold water, in which it is condensed to the liquid form. From 
these condensers the disufphide is drawn off by the tap n. 
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In its erode form carbon disulphide contains a considerable 
quantity of sulphur in solution; from this it is freed by redis- 
tilhtion. 

Carbon disulphide is a colourless, mobile, and volatile 
liquid, of 1*272 specific gravity, which has a very high index 
of refraction, and is not miscible with water. It is very inflam¬ 
mable, and its vapour takes fire in air at a temperature of 
149 ° C., burning with a blue (lame, and yielding carbon and 
sulphur dioxides— 

CS 2 + 30 2 = CO a + 2SO s . 

Carbon Oxygen. £arbon Sulphur 

disulphide. dioxide. dioxide. 

The commercial disulphide has a most offensive odour, due 
largely to impurities* but even when in a highly pure state the 
smell, though somewhat ethereal, is far from an agreeable one. 
The vapour is very poisonous, producing a train of unpleasant 
symptoms in those exposed to its influence. Its poisonous 
nature leads to its employment as a means of freeing grain, 
&c., from injurious insects. A small quantity is mixed with 
the grain in an airtight chamber, and the vapour kills both 
insects and tfteir larv*. On being freely exposed to the air the 
disulphide completely evaporates. Carbon disulphide acts as 
an antiseptic to meat, which may he preserved for long periods 
by enclosure in an airtight vessel with its vapour. 

The value of carbon disulphide in the arts depends on 
its great solvent power for many substances; among these are 
sulphur, phosphorus, caoutchouc, fats and resins. In vul¬ 
canising india-rubber the crude caoutchouc is treated with a 
mixture of sulphur chloride and carbon disulphide, from which 
it abstracts the sulphur. As a fat-extractor, carbon disulphide 
is employed for removing fat in wool-cleaning processes, and 
also for extracting oil from crushed linseed and other oil 
sources. • 

Carbon disulphide is in composition analogous to the di¬ 
oxide, and, like it, may also be viewed as the anhydride of a 
corresponding acid, the acid in this case being one in which 
oxygen is replaced by sulphur. The pikaline sulpho-carbonates 
are formed by treating the sulphite of the metal with carbon 

ft 
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disulphide. That of potassium has the following composition: 
K 2 CS s . From this body it is possible to obtain sulpho-carbonic 
acid, thus:— 

K 2 CS ;i + 2HC1 = 2KC1 + H a CS 3 . 

Potassium sulpho* Hydrochloric Potassium Sulpho-carbonic 

carbonate. acid. chloride. acid. 


CHAPTER XVII 

OXITIKS ANO ACIDS OF SULPHUR 

225. Sulphur Oxides.— Three oxides of sulphur are 
known :— 

Sulphur sesriuioxide, SA 3 , 

Sulphur dioxide or sulphurous anhydride, SO.,. 

Sulphur trioxidc or sulphuric anhydride, SO,,. 

By the action of water we have :— 

SOj + H./) = IIjSOj, Sulphurous acid. 

SO : , + IbO — 11 2 SO„ Sulphuric acid. 

In addition, there are the following other oxyacids of 
sulphur;— 


Pisulphuric acid (Nordhausen sulphuric acid) H 2 S 2 0 7 . 
Ilyposulphurous acid (llydrosulpluirous arid) II.,S0 4 . 
Thiosulphuric acid or SuIphosul[ihuric acid 


(Ilyposulphurous acid). 

. . II,SA 

Dithionic acid. 

, 11, P.,0,; 

Trithionic acid 

. • h,s 3 o 0 

Tetrathionic acid . 

■ • n 2 s,Or. 

Pcntath ionic acid . 

. . H.AA; 


The lowest oxide of sulphur possesses little importance, and 
therefore may be passed over without further description. 

Sulphur Dioxide. — Formula, S0 2 . Molecular 
weight, 63-59. Density, 31-79. Specific gravity, 
2-209. Melting-point,.76°. Boiling-point, 8° C. 

226. Occurrence.- This compound is a gas at ordinary 
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temperatures, and is emitted in vast quantities from volcanoes. 
The student is already familiar with its preparation by the 
combustion of sulphur in oxygen. 

227. Preparation. —When required for laboratory use it 
is prepared by the action of some deoxidising agent on sul¬ 
phuric acid. 

It has been already shown that zinc energetically displaces 
the hydrogen from sulphuric acid ; but certain other metals, as 
copper, silver, and mercury, are without action, except on the 
application of heat, when chemical action ensues, which is 
probably represented by the folldVring equation 

Cu + II 2 S0 4 = CuSO, + 211. 

Copper. Sulphuric acid. Copper sulphate. Nascent hydrogen. 

At the high temperature the nascent hydrogen attacks a 
second molecule of sulphuric acid, thus :— 

21 i + H..SO, = 2TT, 2 0 + S0. 2 . 

Nascent hyhogen. Sulphuric acid. Water. Sulphur dioxide. 

These successive steps in the reaction may be grouped 
together in one equation :— 

C 11 + 2H 2 SO| = 211/) + CuSO, + S0 2 . 

Copper. Sulphuric acid. Waier. Copper sulphate. Sulphur 

dioxide. 

Sulphur dioxide may also he prepared from sulphuric acid 
by the action of charcoal ; carbon dioxide, however, is also 
produced :— 

21I 2 SOj + C = 2SO„ + C0 2 -f- 21 i 2 0. 

Sulphuric acid. Carlton. Sulphur dioxide. Carbon dioxide. Water. 

The gas being soluble in water must be collected by dis¬ 
placement or over mercury. For the purpose of preparing 
the gas, the apparatus shown in fig. 33 may be employed. 
About half an ounce of copper turnings or strips is placed in 
the flask, and then some three ounces of concentrated sul¬ 
phuric acid. The flask is gently heated and the gas jars filled 
by displacement. 

Sulphur dioxide is one of thostj gases which condense at a 
comparatively high temperature. It may be readily obtained in 
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the liquid form by passing the dried gas through a freezing mix¬ 
ture of icc and salt. An apparatus such as is shown in figure 
54 is suitable for the purpose. A is the glass flask in which 

the gas is generated, 
after which it passes 
through the small 
wash-bottle rs, con¬ 
taining concentrated 
sulphuric acid. On 
emerging from this it 
passes into a spiral 
glass or pewter worm, 
contained within a 
vessel c, containing 
a mixture of ice and 
salt. The condensed 
dioxide drops into a 
tube immersed within 
the beaker n, and also 
containing icc and salt. 

228. Manufacture.—For manufacturing purposes sul¬ 
phur dioxide may be prepared by heating sulphuric acid with 
charcoal, or by roasting sulphur o r e (pyrites) in a furnace, and 
thus oxidising the sulphur to dioxide. 

229. Properties.—Sulphur dioxide is a colourless gas 
possessing a strong characteristic pungent odour ; when diluted 
with air, coughing and sneezing are produced by it, while in a 
more concentrated form it causes suffocation. Sulphur dioxide 
is neither inflammable nor a supporter of combustion At 
—8° C. it condenses to a liquid, which form it also assumes at 15° 
on being subjected to a pressure of 2 - 5 atmospheres (37'5 lbs. 
per square inch). Like other gases which readily condense, 
sulphur dioxide does not implicitly follow Boyle’s law ; the pres¬ 
sure being doubled, the volume contracts to less than one-half. 
It is probable that the molecules of all gases when near their 
condensing-point do not remain absolutely free from each 
other. Gases in that condition may be viewed as having 
aggregated groups of molecules floating about in them; an 


’'IG. Si. 




Sulphur dioxide is a powerful antiseptic and disinfectant; it 
also possesses bleaching properties, which latter, however, are 
dependent on the presence of water. 

Water at a temperature of i 5 °C. dissolves 47 volumes of 
sulphur dioxide, and thus produces a true though somewhat 
unstable acid—sulphurous acid, H a S0 3 . This acid has never 
been separated from excess of water, and is decomposed on 
boiling, as at that temperature the whole of the sulphur dioxide 
may be expelled from the water. 

230. Industrial Applications.— Sulphur dioxide is used 
in enormous quantities for the preparation of sulphuric acid. 
It is also somewhat extensively used for bleaching purposes. 

1 Under such conditions, and for tlfe same reasons, gases do not 
implicitly obey Avogadro’s law, and also others to which they arc subject 
when in the perfect gaseous state. 
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Bloaching Action.—If a bunch of moistened violets lie 
placed in a jar containing sulphur dioxide the colour is rapidly 
discharged ; the same reaction also occurs with many other 
vegetable colours. As a bleaching agent it differs remarkably 
from chlorine ; it will be remembered that the latter decomposes 
water, seizing the hydrogen, and that the nascent oxygen de¬ 
stroys the colouring matter by change into bodies containing 
a large proportion of that element. 

Colouring matters which have been acted on by chlorine 
are entirely destroyed, and cannot be reproduced ; colours 
removed by sulphur dioxide are again restored either by its 
displacement by a stronger acid, as dilute sulphuric, or its ncu 
tralisation by combination with an alkali. Miller considers the 
acid to act by forming colourless compounds with the colouring 
matters. The action is also explained by stating that the 
colouring matters are reduced, the sulphurous acid being, in 
the presence of water, oxidised into sulphuric acid, with the 
liberation of nascent hydrogen, which latter acts as the reduc¬ 
ing agent. It is difficult, however, with this assumption, to ex¬ 
plain how the addition of either sulphuric acid or an alkali 
should again restore the colour, as neither of thesejiodies is an 
oxidising agent. Sulphur dioxide is used for the bleaching of 
articles, such as silk, straw, and wool, which would be injured 
by the action of chlorine. The goods to be bleached are 
moistened and hung in a chamber in which sulphur dioxide is 
formed by the burning of sulphur. 

Anti.chlor.-~Sulphur dioxide is used for the purpose of 
removing traces of chlorine from goods bleached by that agent; 
sulphuric and hydrochloric acids are formed by their mutual 
action, and may be afterwards removed by copious washing ; 
more usually, hdwever, the sodium salt of sulphurous acid is 
employed : this possesses the advantage that the alkaline base 
combines with the resulting acids and forms non-corrosive 
salts. 

From its possessing this property, sodium sulphite is known 
commercially under the name of antichlor. Its action is repre¬ 
sented in the following equation, where it is assumed that excess 

o( il\e sulphite is used 
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Sulphurous Add 
2Na 2 SO, + Cl a =• Na 2 SO., + 2NaCl + SO,. 

Sodium Chlorine. Sodium Sodium Sulphur 

sulphite. sulphate. chloride. dioxide. 

Disinfectant Action.—In order to disinfect sick rooms 
after attacks of typhus fever and other contagious diseases, 
sulphur is burned in them, care being taken to close all crevices 
and openings into the room. The same treatment disinfects 
any clothing which may be contained in the chamber, and also 
destroys obnoxious insect life. 

231. Composition. -This maybe determined by burning 
a fragment of sulphur in oxygen in the same bulbed eudio¬ 
meter as was described in paragraph 135 , on the composition 
of carbon dioxide, and illustrated in fig. 36 . The volume of 
the resultant gas is found to he the same as that of the oxygen 
before combustion. The molecule of sulphur dioxide is there¬ 
fore shown to contain its own volume of oxygen. 

232 . Sulphurous Acid. —This acid is produced by pass¬ 
ing sulphur dioxide into water, which latter remains in excess. 
Sulphurous acid turns litmus solution red and afterwards dis¬ 
charges the colour; it smells and tastes of sulphur dioxide. 
Sulphurous jutid is dibasic and forms two scries of salts called 
sulphites; thus, on the addition of barium chloride to sulphurous 
acid, the following reaction occurs : — 

1I 2 S0 3 + BaClj = BaSOj + 2HC1. 

Sulphurous acid. Barium chloride. Barium sulphite. Hydrochloric acid. 

If the solution be rendered acid by treatment with hydro¬ 
chloric acid previous to the addition of the barium chloride, no 
precipitate is formed. Any stronger acid, such as hydrochloric 
or sulphuric acid, decomposes the sulphites with evolution of 
sulphur dioxide. 

Na s SOj + H,SO, = Na 2 SO., + SO, + H a O. 

Sodium Sulphuric Sodium Sulphur Water, 

sulphite. acid. sulphate. dioxide. y 

Sulphur Trioxide. — Formula, SO,. Molecular 
weight, 79 47 . Density, 39 - 73 . 

233 . Preparation.— Sulphur does not readily combine 
with more than two atoms of oxygSn; but by passing a mixture 
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of sulphur dioxide and oxygen ovei*' ignited spongy platinum, 
sulphur trioxide is produced :— 

2SO* + O a = 2SO a . 

Sulphur dioxide. Oxygen. Sulphur trioxide. 

Instead of spongy platinum, platinised asbestos fibre may be 
employed. This consists of asbestos first dipped in a solution 
of platinum chloride, and dried, and then into one of ammonium 
chloride, dried and ignited. A thin coating of platinum is thus 
formed on each fibre. For experimental purposes, a four-ounce 
flask should be fitted up as a wash-bottle, and partly filled with 
saturated solution of sulplnjrous acid in water. To this is 


Fig. 55. 



attached an oxygen generating flask, fig. 55 , and to the other 
tube of the wash-bottle a bulb-tube of combustion-tubing. 
The bulb of this tube is filled with the platinised asbestos, 
under which a burner is placed so as to gently warm it. On 
now warming th« oxygen-generating flask a current of oxygen is 
obtained ; this, by passing through the wash-bottle, becomes 
mixed with sulphur dioxide, and so the two find their way into 
the bulb-tube, and there combine to form sulphur trioxide, 
which escapes from the apparatus as a cloud of dense white 
fumes. 

Sulphur trioxide is also produced by the action of heat on 
Nnrdhausen suluhuric acid thus :— 
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H..SA = h 2 so 4 + so,. 

Nurdltauscn Sulphuric Sulphur 

sulphuric acid. acid. trioxide. 

234. Properties.— Sulphur trioxide when prepared with 
the absolute exclusion of water is obtained as a white silky¬ 
looking mass, which, according to Weber, when purified by 
repeated distillations in hermetically sealed tubes, is changed 
into a colourless liquid. It is devoid of all acid properties, 
and, in the solid form, may be rolled between the dry fingers 
without injury. By passage through a red-hot tube, it is sepa¬ 
rated into oxygen and sulphur dioxide :— 

2SO, = 2S0, + 0 2 . 

Sulphur trioxide. Sulphur dioxide. Oxygen. 

Sulphur trioxide is very deliquescent, and when dropped 
into water, dissolves with a hissing noise and evolution of great 
heat, forming sulphuric acid :— 

so, + ir 2 o = h 2 so ( . 

Sulphur trioxide, or Water. Sulphuric acid, 

sulphuric anhydride. 

When the two are once united, their separation cannot be 
effected by heat alone ; for a temperature sufficiently high to 
dissociate them also decomposes sulphur trioxide into sulphur 
dioxide and oxygen. 

Sulphuric Acid. — Formula, H a SO<. Molecular 
weight, 97'35. Specific gravity of liquid, 1'846. 
Melting-point, 10'S° C. Boiling-point, 338°. 

235. Importance.— There is no other compound, with 
the exception of water, which is of such importance to the 
chemist as sulphuric acid. The frequency of its application to 
various purposes in the preceding chapters will'have given the 
student some idea of its usefulness, and have rendered him 
familiar with its appearance, many of its properties,.and its 
composition. It holds an equally important position in the 
chemical manufactures as in the laboratory. Its preparation 
is the starting-point in the manufacture of hydrochloric acid, 
sodium carbonate, nitric acid, and many other bodies of value 
in the arts. 
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236. Preparation.— Finely jtowdered sulphur, when 
moistened, is in part gradually oxidised into sulphuric acid; 
by prolonged boiling with nitric acid, the whole becomes 
oxidised. 

S, + I 2 IINO 3 = 2H 2 S0 4 + 12NO a + 4H a 0. 

Sulphur. Nitric acid. Sulphuric aciil. Nitrogen peroxide. Water. 

Nitric acid has a similar action on some native sulphides. 
Sulphurous acid may be readily oxidised to sulphuric acid by 
the aid of oxidising agents, thus on adding a few drops of con¬ 
centrated nitric acid to pure sulphurous acid in a test-tube and 
heating gently, oxidation occurs. On now adding to the liquid 
some hydroch'oric acid and barium chloride, a white precipitate 
of barium sulphate, insoluble in acids, is formed. The change 
to sulphuric acid may be thus represented 

H 2 SOi + 2HN0 3 = H a S0 4 + 2NO a + HA 

Sulphurous Nitric Sulphuric Nitrogen Water. 

acid. acid. acid. peroxide. 

237. Manufacture. — Sulphuric acid is always manu¬ 
factured on the large scale by the oxidation of sulphur dioxide 
in the presence of water. The reactions involved,,are of great 
interest. The vapour of nitric acid is passed into a chamber 
with sulphur dioxide, air, and steam. As previously shown, 
the nitric acid is deoxidised into nitrogen peroxide, with the 
formation of sulphuric acid. A reaction now ensues between 
the nitrogen peroxide and some more sulphur "dioxide, more 
sulphuric acid is produced, and the nitrogen peroxide is reduced 
to nitrogen dioxide. The student will remember that in the 
presence of air this colourless gas is immediately changed into 
the ruddy fumes of the trioxide and peroxide. Thus, higher 
oxides of nitrogeb are again formed, and are capable of oxidising 
more sulphur dioxide. Sulphur dioxide does not readily com¬ 
bine with oxygen, but is immediately oxidised by nitrogen 
peroxide. The dioxide unites directly with oxygen, and so 
acts as a carrier of oxygen from the air to the sulphur dioxide. 
A small amount of nitric acid is thus theoretically capable of 
producing an indefinite quantity of sulphuric acid. The whole 
series of changes is shown in the following equations 
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SO* H 

- 2I-IN0,' 

— II 2 SO 4 + 

2NO a . 

Sulylrur dioxide. 

Nitric acid. 

Sulphuric acid. 

Nitrogen peroxide. 

so a + 

NO, + 

II 2 0 = IIoS0 4 

+ NO. 

Sulphur 

dioxide. 

Nitrogen 

peroxide. 

Water. Sulphuric 

acid. 

Nitric 

oxide. 

8N0 

+ 30 2 = 

= 2 NA + 

4N0 2 . 

Nitric oxide. 

Q»w™. 

Nitiogcn trioxide. 

Nitrogen peroxide. 


The proportions of higher oxides arc not constant, but 
depend on the quantity of oxygen present. 

The above equations represent, in the simplest form, the 
action which takes place. In the absence of water a peculiar 
crystalline compound is produced, which may be represented 
by the formula S a O s (N0 2 )j. This is immediately decomposed 
by water, with the formation of sulphuric acid and liberation 
of nitrogen trioxide :— 

S,O t (NO,)» + 211,0 - 211,80, + NA. 

Crystalline compound. Water. Sulphuric acid. Nitrogen tuoxidu 


On the small scale, these reactions may be watched by 
fitting up and employing the following apparatus, fig. 56 . a is 

Fig. 56. 



a large flask, to which is fitted a cork bored for five tubes. 
(This fiask A may be advantageously replaced by a glass globe 
of the same size, fitted with three tubulures ; through two of 
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these, cotks are passed, bored for*'two tubes each, while the 
third tubulure has a single tube passed through its cork.) 
Sulphur dioxide is stored in the bladder or india-rubber gas¬ 
bag, b ; the gas jar c is inverted in a large beaker of water, and 
serves as a gasholder for nitric oxide. Air or oxygen is con¬ 
veyed by the tube e from a gas-bag. In a flask d, water is 
kept boiling, in order to supply steam when required. The 
last tube, k, is for the escape of waste gases ; the whole of the 
tubes are controlled by screw- taps. The flask being thoroughly 


K 



dry, nitric oxide is admitted, when ruddy fumes are immedi¬ 
ately formed. Sulphur dioxide is next allowed to pass into 
the flask, and the ruddy fumes at first formed disappear. A 
white crystalline deposit is now observed to form on the sides 
of the flask. With the admission of more air, nitric oxide and 
sulphur dioxide, the formation of this crystalline deposit con¬ 
tinues. On shutting off the whole of these and admitting a 
small quantity of steam, the crystalline compound disappears, 
and nitrous fumes are once ( more liberated. If the admission 
of steam be continued in very small quantity, and then sulphur 
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dioxide is introduced, the ruddy tint of the nitrogen peroxide 
quickly disappears. If the sulphur dioxide be then shut off and 
air admitted instead, the nitric oxide is once more oxidised, 
as demonstrated by the reappearance of the ruddy hue. This 
cycle of changes may be caused to occur several times; in 
practice they cannot continue indefinitely because the nitrogen 
of the air gradually washes the whole of the other gases out of 
the flask through the escape-tube. Consequently, to replenish 
this waste, nitric oxide must be continuously added in small 



quantity. At the conclusion of the experiment, a quantity of 
sulphuric acid is found collected at the bottom of the flask. 

In the manufacture of sulphuric acid, the sulphur dioxide may be 
produced by burning sulphur or by roasting sulphur ore (pyrites) in a 
suitable furnace. In this way a mixture of sulphur dioxide ami air is 
formed. The reaction between the various bodies occurs in large chambers 
made of timber framing and lined with sheet lead, the joints being made 
air-tight by soldering the edges of the lead together by the oxyhydrogen 
blowpipe. Fig. 57 illustrates the general arrangement of a modern 
English sulphuric acid works. A A are twyi of a series of pyrites burners 
generating SO,, which, passing along the flue B. heals the cast-iron 
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troughs C, which are supplied with nitrate of soda, and sulphuric acid 
through the funnels i>, thus producing nitric add fumes, which, together 
with the SO,, pass onwards to the Glover tower K. This consists of a 
framework ot stout limber, supporting a column of thick sheet lead, and 
lined with a wall of refractory bricks built without mortar, and diminishing 
in thickness towards the top. The remaining space is filled either with 
large flints or with reticulated or ‘pigeon-holed’ brickwork, through the 
interspaces of which the gases pass upwards, meeting on their way sulphuric 
acid trickling downwards from the tanks l', 0, on the tower-top (of which 
more will be said presently), ami so reach the first leaden chamber (No. i), 
which consists of a timber framework lined with lead and supported on 
cast-iron pillars. Into this chamber steam from the steam boiler S is 
•introduced by the jets jj set in the side of the chamber. Here the 
characteristic sulphuric acid reaction occurs, and the acid collects on the 
bottom of the chamber, which is formed as a huge saucer for this purpose. 
In this first chamber most of thi SO, is converted into 1 I 2 S 0 4 , and the 
remaining gases, in which oxides of nitrogen begin to predominate, pass 
to a second similar chamber (No. 2), where they meet with more steam, 
and a further precipitation of sulphuric .acid takes .place, leaving the gases, 
still richer in nitrogen compounds and poorer in sulphurous acid, to pass 
into the next chamber (No. 3), where nearly the whole of the S 0 2 is 
converted into liquid II 2 S 0 4 . The remaining gases, which should now 
consist of residual nitrogen, a necessary excess of oxygen, oxides of 
nitrogen, and a trace of sulphurous acid, pass from this chamber by the 
flue 11 to the Gay Lussac or absorbing tower, which consists of a stout 
timber framework lined with lead, inside which is built a single brick wall 
without mortar. 

The inside space in this tower is filled with large pieces of hard 
Durham coke, clown which cold sulphuric acid, sp. *gr. 175 (150° 
Twacklcll), trickles from the cisterns 1, j, in passing through the coke. 
This acid meets and absorbs the nitrogen oxides from the escaping gases, 
leaving only the excess of air, the atmospheric nitrogen corresponding to 
the oxygen taken up in the reactions, and a trace of S 0 2 . These pass 
from the tower by the exit flue x to the works chimney, which produces 
the draught for the apparatus, their escape being controlled by a damper, 
not shown in the figure. The number of chambers in a scries varies from 
two to six in different works; their shape and size vary also within certain 
limits. 

It remains to explain the working of the towers. Sulphuric a'id of 
asp. gr. 175 (150° Tw.) is run from the cistern marked ‘strong Ann’ 
into a closed cast-iron vessel K, technically called an ‘egg.’ When the 
egg is full, the valve communicating with the cistern is closed, and a valve 
opened which connects the egg with a powerful air-pumping engine L, 
which, working up to a pressure of 60 lbs. per square inch, forces the acid 
out of the egg up the pipe m m into the cisterns 1, J, on the top of the 
absorbing tower, whence it slowly trickle*, down through the coke, taking 
up the nitrous compounds, and running by the pipe N to the cistern marked 
* NITROUS ACID,' whence, as required, it is run into the egg and ‘ blown’ 
through a pipe similar to M, but not shown in the figure, to the cistern P 
on the top of the Glover tower. The acid made in the chambers having 
a specific gravity of 1*6 (120° Tw.), is drawn from time to time by the 
pipe O into the cistern marked ^chamber acid,’ from which it is ‘ blown’ 
into the cistern o on the Glover tower. Now, by the taps shown in the 
figure the run of nitrous acid from f, and of chamber acid from 0, is so 
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adjusted that, after trickling down the hot (lints or bricks, and meeting 
the hot burner gas on its way through the tower, the acid runs off by the 
pipe p, deprived of its nitrous compounds, which re-enter the chambers, 
and, concentrated by the heat to a sp. gr. of 173 to 175 (146° to 150° 
Tvv.), it then passes through a coil of lead piping immersed in cold water, 
thus cooling it to 6 o° l r ahr., and thence to the cistern marked ‘strong 
acid,’ whence it is taken for use as required. The Glover and Gay Lussac 
towers therefore effect an economy by considerably reducing the amount of 
the most costly raw material used, i.e. nitrate of soda, and the Glover tower 
saves coals also by concentrating the acid, and thus also supplying steam 
to the chambers by utilizing the heat from the burners. Moreover, by 
cooling and therefore c«ntra<ting the volume of the gases, it makes the 
existing chamber capacity more effective^ 



Prior to the adoption of the Glover Tower, chamber acid was con¬ 
centrated to strong acid by evaporation in leaden pans, but, as acid 
of greater strength rapidly attacks lead, further concentration is effected 
in vessels of either glass or platinum, until a density of 1 ’842 is attained. 
A concentrating plant is shown in fig. 58: A and 11 are open leaden 
pans in which the first concentration was formerly performed, these pans 
being heated by the hot air from the furnace C. At d the concentrated 
acid, 175, is allowed to run into the platinum still D, from which, as it 
acquires sufficient concentration (to sp. gr. 1-842) it is syphoned off 
through the pipe .«■/?, running through the cold water tank K. pie steam 
from this still at first consists of little but water, but as the acid becomes 
more concentrated, a stronger acid distils over, which can be preserved 
and returned to the evaporating pans. 

The acid of strength 175 constitutes the ‘brown acid'of commerce; 
that of 1*842 density is known commercially 33 ‘oil of vitriol.’ 
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238. Properties. —Sulphuric acid in the pure state is a 
colourless, odourless liquid of oily consistency. It has a 
specific gravity of i' 346 , but, like other acids described, the 
specific gravity increases with the degree of concentration. 
The following table gives the strength of pure sulphuric acid of 
various densities. 


Density 

Sulphuric acid, in 
100 parts by weight 

Density 

Sulphuric acid, in 
too parts by weight 

I OOO 

00 

1 ’332 

43 '° 

1 007 

1 '9 

1-357 

45-5 

I'029 

4-8 

1-383 

4 S '3 

1-045 

6-8 

I ^lO 

512 

i-o6o 

8-8 

1-439 

54-0 

1-075 

io-8 

1*468 

59-9 


130 

1-498 

59-9 

rioS 

15-2 

''530 

62-5 

I-I25 

17-3 

' ' 59.1 

95-5 

!'I 42 

19-6 

1-597 

68-6 

II62 

22-2 

i -«34 

7 if) 

1-180 

24-5 

1 -f>71 

747 

I -200 

27-1 

17 ” 

7S1 

I -220 

296 

• '753 

81 7 

I24I 

32-2 

1790 

86-5 

<•26-! 

347 

1-819 

897 

1-285 

37*4 

1-846 

100-0 

1 -30s 

40-2 




Sulphuric acid has a very great attraction for water, with 
which it forms definite compounds; the union of the two is 
attended with evolution of great heat and diminution in 
volume. In consequence it is necessary to use caution in mix¬ 
ing the two; the acid must be poured very gradually into the 
water, and not the water into the acid. Sulphuric acid attracts 
moisture from the air with great avidity, so much so that if the 
concentrated acid be exposed in an open dish it increases rapidly 
in volume from absorption of moisture. If the bulb of a ther¬ 
mometer be dipped in sulphuric acid and then held in a hori¬ 
zontal position so as to prevent the acid dropping off, the 
quantity can be seen within two or three minutes to visibly 
increase; at the same time the temperature of the thermometer 
rises. This power of attracting moisture leads sulphuric acid 
to be largely employed in the laboratory as a drying agent, and 
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for many purposes where (be absorption of water is necessary. 
Owing to this affinity for water, sulphuric acid acts as a power¬ 
ful caustic, and attacks and decomposes most organic bodies, 
assimilating the elements of water, and setting free the carbon 
and other constituents in various forms. Thus, as has been 
already described, sulphuric acid decomposes oxalic acid and 
other bodies, with the liberation of oxides of carbon. Frag¬ 
ments of wood or straw give the acid a brown colour, due to 
the carbonaceous compounds liberated on their being charred 
by the acid. Sugar and other highly carbonaceous bodies are 
violently attacked by sulphuric acid; the mixture froths up, 
leaving a black mass of impure darbon. At the same time a 
portion of the sulphuric acid is reduced to sulphur dioxide. 

The high temperature of the boiling-point renders the acid 
specially suitable for the preparation of the more volatile acids 
—as nitric acid—from their salts; any excess of sulphuric 
acid, and the resultant sulphate formed, being non-volatile 
at the temperature at which nitric acid boils, are thus easily 
separated. 

Sulphuric acid, being a dibasic acid, forms two well-marked 
series of saltj the one of which is normal; the other, still con¬ 
taining half the hydrogen, is acid. With the exception of a 
few basic salts, the sulphates are mostly soluble in water. The 
insoluble sulphates, among which must be included those of 
lead, barium, and strontium, are insoluble not only in water but 
in all acids. 

At a white heat the acid is decomposed into water, sulphur 
dioxide, and oxygen. 

239. Industrial Applications.— Sulphuric acid is so 
widely employed in chemical and other manufactures that the 
extent of its use has been taken as the measure of the country’s 
general commercial prosperity. • 

Sulphuric acid is largely employed in the preparation of 
other acids, as nitric and hydrochloric acids; also in the pre¬ 
paration of the sulphates, and for the production of an electric 
current in voltaic batteries. 

in metallurgic operations sulphuric acid is used for cleaning 
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the surface of iron and copper plates, as a preliminary to their 
being coated with other metals, as tin or zinc. 

Sulphuric acid is used in the preparation and treatment of 
ether and many other organic bodies. 

It is also extensively employed in the preparation of bones 
and other phosphatic substances for manure, producing by its 
action a soluble calcium phosphate. 

240. Nordhausen Sulphuric Acid, H s S 2 0 7 .— Nord- 
ftausen sulphuric acid may be looked on as a compound of a 
molecule of ordinary sulphuric acid with a molecule of sulphur 
trioxide : it is named after antown in Saxony, where it is pre¬ 
pared in large quantities by first drying ferrous sulphate, 
FeS0 4 ,7H 2 0, and at a stronger heat decomposing it. The 
act of drying is accompanied by an oxidation of the ferrous 
sulphate to basic ferric sulphate, Fe 2 S 2 0 (| . Supposing the 
whole of the water to have been thus driven off, the act of 
heating would result in the following change:— 

Fe a S 2 0, = 2S0 3 + Fe a O a . 

Basic ferric sulphate. Sulphur trioxide. Ferric oxide. 

But in the presence of small quantities of mo'sture a por¬ 
tion of the anhydride is converted into sulphuric acid, and 
this dissolves another molecule of the trioxide, H 2 S 2 0 7 being 
equivalent to H a S0„S0 3 . Nordhausen or disulphuric acid 
is an oily fuming liquid, having a density of about i'g. The 
molecule of sulphur trioxide, in Nordhausen sulphuric acid, 
being only held in feeble combination, is readily driven off by 
heat. 

Nordhausen sulphuric acid forms a stable series of salts, 
whose formula correspond with that of the acid; thus the 
sodium salt is represented by Na a S 2 0 7 . 

241., Hyposulphurous Acid, H 2 S 0 2 .— On its discovery 
this body was termed hydrosulphurous acid, because the name 
‘hyposulphurous’ had aheady been given to another acid. 
The formula shows this body to rightfully claim the name 
hyposulphurous acid, it having one atom less oxygen than lias 
sulphurous acid. The zinc salt of this acid is obtained as a 
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yellow liquid on dissolving zinc in sulphurous acid; no hydro¬ 
gen is evolved, and the following reaction occurs:— 

Zn + H 2 S0 3 = ZnSO, + H 2 0. 

Zinc. Sulphurous acid. Zinc hyposulphite. Water. 

The hyposulphites are very unstable salts, combining with 
oxygen with great avidity, and thus exercising great reducing 
power. The free acid is even more unstable than the salts. 

242. Thiosulphuric or Sulphosulphuric Acid, 

H2S2O3.— Prior to the discovery of the acid H 2 S0 2 , thio¬ 
sulphuric acid was known as hyposulphurous acid; but this 
name is now replaced by that whifch heads this paragraph. The 
prefix ‘ thio ’ is derived from the Greek for sulphur; the two 
names thiosulphuric and sulphosulphuric are therefore iden¬ 
tical in meaning. This acid may be viewed as sulphuric acid 
in which one of the oxygen atoms is replaced by dyad sulphur; 
it is an intermediate body between the oxy-acids and the 
sulpho-acids, in which sulphur entirely replaces oxygen, ful¬ 
filling the same functions. (See paragraph 224 on carbon 
di-sulphide.) The probable constitution of thiosulphuric acid, 
compared wjfh that of sulphuric acid, is shown in the appended 
graphic formulae. To distinguish the hexad or grouping sul¬ 
phur atom from the merely dyad or oxygen-replacing one, the 
formula is sometimes written H 2 SS0 3 . 

0\q—0—H SV-O-H 

cy --0—II (V s .0—H 

Sulphuric acid. Thiosulphuric acid. 

The most important compound of thiosulphuric acid is 
sodium thiosulphate, Na 2 S 2 0 3 ,5H 2 0, known commercially as 
hyposulphite of soda. This body may be prepared by digesting 
a solution of sodium sulphite with sulphur irf a fine state of 
division, when the sulphite is ‘sulphurised’ into the thio¬ 
sulphate • 

Na 2 S0 3 + S = Na 2 S 2 0 3 . 

Sodium sulphite. Sulphur. Sodium thiosulphate. 

This salt occurs in large colourless crystals, easily soluble 
in water, and possessing the property, when in solution, of 
dissolving the haloid salts of silver (chloride, AgCl; bromide, 
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AgBr, and iodide, Agl). It is in consequence largely used in 
photography for dissolving out these salts from photographs, 
negative or positive, after development. 

243. Thionic Acids. —These bodies arc of little impor¬ 
tance, and will not receive further reference here. 


CHAPTER XVIII 

THE HALOGENS 

Bromine, Iodine, and Fluorine 

244. The Halogens. —The three elements, bromine, 
iodine, and fluorine, together with chlorine already described, 
constitute the group known as the ‘ halogens.’ As most acids 
are oxy-acids, their corresponding salts must contain oxygen; 
but the halogens yield salts which are binary compounds by 
direct union with the metals. These salts, from their similarity 
to sea-salt, are termed ‘haloid’ salts, and heno? the name 
halogens given to the elements from which, by combination 
with the metals, they are produced. 

The relations of the members of this group to each othei 
are very interesting, but may be studied much better after some 
knowledge is gained of the elements themselves. 

Bromine.—Symbol, Br. Atomic weight, 79'3 6. 
Density, 79-36. Specific gravity as gas, 5-51; as liquid, 
3 - 18. Molecular weight, Br a , 168-78. Melting-point, 
-24-5° Boiling-point, 59-5° C. 

245. Occurrence.— Like chlorine, this element is nevei 
found frje in nature, but in combination with other elements, 
usually either sodium, potassium, or magnesium. Balard, in 
1826 , discovered bromine in the mineral matter contained in 
sea-water; it also occurs in certain mineral deposits, particularly 
in the vast salt deposits of Stassfurt, in Germany. 

246. Preparation. —Bromine is prepared from the soluble 
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bromides by the action of manganese dioxide and sulphuric acid 
in a manner precisely analogous to that employed for the pro¬ 
duction of chlorine from sodium chloride by the same reagents. 
Finely powdered potassium bromide and manganese dioxide 
are mixed together, placed in a flask or retort, and sulphuric 
acid added. On being gently heated, dark red vapours are 
evolved, which condense to a deep red liquid, according to the 
equation 

2KBr + 8H 2 S0 4 + MnO„ = 

Potassium Sulphuric Manganese 

bromide. acid. dioxide. 

2KHS0 4 + MnS0 4 *+ ' Br ? + 2H a O. 

Hydrogen Manganese Bromine. Water, 

potassium sulphate. sulphate. 

• 

247 . Extraction.—-The first step in the extraction of 
bromine is to separate the bromides from the chlorides with 
which they we in nature associated. The solid salts are dis¬ 
solved, and then concentrated by evaporation; the chlorides, 
being less soluble, first crystallise out and leave a mother-liquor 
in which the bromides predominate. Owing to the bitter taste 
possessed b^ this liquid, it has received the name of bittern. If 
chlorine be passed through this solution, bromine is liberated 
according to the following equation :— 

2KBr + Cl 2 = 2KC1 + Br a . 

Potassium Chlorine. Potassium Bromine, 

bromide. chloride. 

The bromine at first set free imparts a reddish-brown colour 
to the solution. On shaking this with ether the bromine is 
dissolved, and its ethereal solution rises to the surface, and 
may be poured off from the watery layer underneath. On this 
ethereal solution being treated with potassiurrt hydrate, its red 
colour disappears, bromide and bromate of potassium being 
formed:— , 

3Br 2 + GKHO = 6 KBr + KBr0 3 + 8 H a O. 

Bromine. Potassium Potassium Potassium Water, 

hydrate. bromide. bromate. 

The ether may be distilled off .and re-collected; the solid 
residue of bromide and bromate is ignited in order to decom- 
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pose the bromate, which splits up into bromide and oxygen In 
the same manner as does potassium chlorate. In this way 
potassium bromide is obtained, from which the bromine may 
again be liberated by gently heating the bromide with manganese 
dioxide and sulphuric acid in the manner just described. 

At times the mother-liquor, instead of being treated with 
chlorine, is evaporated down to dryness, and the residue mixed 
direct with sulphuric acid and manganese dioxide; but in this 
case, as chlorides are always present in the mother-liquor, 
chlorine is evolved as well as bromine. As these two elements 
readily combine to produce a chloride of bromine, the bromine 
thus prepared is more or less contaminated with this compound. 
The bromine may be purified by redistillation with potassium 
bromide, when the chlorine present liberates from the bromide 
an equivalent of bromine, itself combining with the potassium. 

248. Properties. —Bromine at ordinary temperatures is a 
dark red liquid, so heavy that glass floats readily in it. It gives 
off a deep reddish-brown vapour, with a smell resembling that 
of chlorine, only far more intense. Bromine freezes at— 22 0 C. 
and boils at 63 ° C. Water dissolves about 3 per cent, of 
bromine; the solution possesses bleaching powers, but not 
to such an extent as chlorine. In this, as in its other re¬ 
actions, bromine and chlorine closely resemble each other; but 
bromine is the less active of the two, and is displaced from 
its compounds by chlorine. 

Bromine is not inflammable, neither does it support the com¬ 
bustion of a candle, but phosphorus combines directly with it, 
as with chlorine. 

Bromine unites with hydrogen to form a colourless fuming 
gas, hydrobromic acid, HBr, very similar in character to hydro¬ 
chloric acid. 

Bromine vapour closely resembles nitrogen peroxide in ap¬ 
pearance: the following tests distinguish the one from the other. 
On shaking with a small quantity of ether, bromine is dissolved, 
and imparts its characteristic tint to the ether; nitrogen per¬ 
oxide does not affect the colour. If to the bottle or jar containing 
bromine vapour a solution of potassium hydrate be added, the 
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colour is removed. If thi? solution be very slightly acidulated 
by the addition of dilute nitric acid, and then silver nitrate 
added, there is a precipitate of silver bromide. Similar treat¬ 
ment causes no precipitate with nitrogen peroxide. 

249. Industrial Applications.—Bromine is largely used 
in the preparation of bromides, and is also employed to some 
extent as a disinfectant, 

Hydrobromic Acid.—Formula, HBr. Molecular 
weight, 80'36. Density, 40'18. 

250. Preparation.—Hydrogen and bromine cannot readily 
be made to unite directly with each other ; thus the passage of 
an electric spark through a mixture of bromine vapour and 
hydrogen, does not result in combination. Neither can hydro¬ 
bromic acid be obtained by the decomposition of a bromide 
by sulphuric acid, as is done with a chloride, because a large 
proportion of the liberated hydrobromic acid is decomposed 
into free bromine, with the reduction of the sulphuric to 
sulphurous acid. 

2 HBr * H 2 SO, = Br 2 + 2 H 2 0 + S 0 2 . 

Hydrobromic Sulphuric Bromine. Water; Sulphur 

acid. acid. dioxide. 

Hydrobromic acid may be prepared by distilling a bromide 
with phosphoric acid, or more conveniently by the action of 
water on phosphorous bromide, when the following reaction 
occurs : 

PBr, + 8 H 2 0 = H,PHO, + 8HBr. 

Phosphorous Water. Phosphorous Hydrobromic 

bromide. acid. acid. 

The preparation is effected in the apparatus shown in 
fig. 59, which consists of a large glass flask arranged with a 
delivery-tube, and bulb-funnel fitted with a stopper sod stop¬ 
cock. To the delivery-tube is attached a (J-tube. A mixture 
of one part of amorphous phosphorus with two parts of water 
is placed in the flask ; ten parts of bromine are poured into 
the funnel. The u-tube >s charged with fragments of glass 
and ordinary phosphorus. By means of the stopcock the 
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bromine is admitted drop by drop, phosphorous bromide being 
formed and at once decomposed by the water. The hydro- 


Fig. 39. 



bromic acid which passes over is freed from any traces of 
bromine by the phosphorus in the U-tube. 

251. Properties.— Hydrobromic acid is a colourless gas, 
fuming on exposure to air, and possessing a sharp pungent 
odour. It is not inflammable, neither is it a supporter of 
combustion. The gas is very soluble in water, yielding a 
colourless, fuming solution, of a specific gravity of con¬ 
taining 50 per cent, of the acid IIBr. Hydrobromic acid is 
decomposed by chlorine, with the liberation of free bromine. 
Hydrobromic acid is monobasic, and by its action on bases a 
series of salts, termed bromides, are formed. Most of the 
bromides are soluble in water, the exceptions being those of 
silver and lead. , The former salt is extensively employed in 
the preparation of photographic sensitive plates. All the 
bromides are decomposed by chlorine, with the libeiation of 
free bromine, 

252. Bromic Acid, HBrOj. —By a reaction similar to that 
employed for the production of potassium chlorate, potassium 
bromate, KBr0 3 , may be obtained. It is separated from the 
simultaneously produced bromide by crystallisation. The 
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bromates, like the chlorate? are decomposed by heat, with the 
evolution of oxygen. The acid may be prepared by adding 
dilute sulphuric acid to a solution of barium bromate, so long 
as a precipitate is produced. 

Ba(I!r0 3 ) s + H 2 S0 4 = 2HBrO, + BaS0 4 , 

Barium bromate. Sulphuric acid. Bromic acid. Barium sulphate. 

In this manner a liquid is obtained which gives a strongly 
acid reaction, and at 100 ° C. is decomposed, with the liberation 
of free bromine and oxygen. 

Iodine. — Symbol, I. Atomic weight, 125-90. 
Density, 125'90. Specific gravity as gas, 8-74; as 

solid, 4 - 95. Molecular weight, I 2 , 251-80. 

■ 

253. Occurrence.— Iodine,aswellasbromincandchlorine, 
is found in se^-water, but in much smaller quantities. There 
are certain varieties of sea-weed which absorb the iodides and 
store them up in their tissues; from these the iodine of 
commerce is procured. 

254. Preparation.— Iodine may be prepared from an 
iodide, as potassium iodide, by heating with manganese dioxide 
and sulphuric acid, when iodine is liberated, according to the 
equation:— 

2Nal + 8H 2 S0 4 + MnO a 

Sodium iodide. Sulphuric acid. Manganese dioxide. 

2NaHS0 4 + MnS0 4 + I a + 2H a O. 

Hydrogen Manganese Iodine. Water, 

sodium sulphate. sulphate. 

255. Extraction.— Such sea-weeds as are sufficiently rich 
in iodides are dried and then burned ; the ashes constitute the 
substance known as kelp. A preferable method is to employ 
only sufficient heat to carbonise the sea-weed, as with* a high 
temperature, especially when prolonged, a quantity of the sodium 
iodide present is lost through volatilisation. The kelp, 01 
carbonised sea-weed, is next treated with water (lixiviated), in 
order to dissolve out the sodium iodide, which is also accom¬ 
panied with the bromide, chloride, and other impurities. It is 
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freed as far as possible from these 6 y evaporation and crystal¬ 
lisation, after which remains a liquid containing sodium bromide, 
iodide, sulphide, thiosulphate and carbonate. To this liquid 
sulphuric acid is added, and the carbonates and sulphides 
decomposed; when it no longer smells of sulphuretted 
hydrogen, the liquid is drawn off and transferred to a cylindrical 

leaden still, a, fig. 60 , to the 
stoppered head, b, of which 
is attached a series of large 
glass or stoneware receivers, 
d, d. The still is gently 
heated by means of a fur¬ 
nace and sand-bath, and 
then manganese dioxide is 
added in small quantities 
at a time ; purple vapours 
of iodine distil over and 
condense within the re¬ 
ceivers. By careful regu¬ 
lation of the quantity of 
manganese dioxide, and 
also the temperature (which 
must not he allowed to rise too high), the greater part of the 
iodine distils over before the bromides are decomposed. At a 
higher temperature, with the addition of more dioxide, bromine 
distils over and is collected in a series of Woulffe’s bottles. 
1 he iodine is purified by re-distillation. 

It should be observed that chlorine, bromine, and iodine 
are liberated from the chlorides, bromides, and iodides by a 
precisely similar reaction. 

• 

256. Pi operties. —Iodine is, at ordinary temperatures, a 
dark-coloured (blue-black) solid, which gives off small quantities 
of vapour of a splendid violet tint. It may be obtained in well- 
defined, crystals, and has a lustre almost metallic in character. 
At 115 ° C. iodine melts, and boils at a temperature of 200 °. 
The violet tint of the vapour is then so dark as to appear 
almost black. The vapour possesses an odour resembling that 
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of chlorine, which odour ma^ be distinguished on smelling the 
substances at ordinary temperatures. Iodine is slightly soluble 
in water, to which it imparts a light sherry tint; it is much 
more soluble in solutions of potassium iodide, and also in 
alcohol and ether. All these solutions are brown in colour. 
Iodine also dissolves in carbon disulphide, to which it imparts 
a violet tint resembling that of its vapour. 

In chemical reactions iodine closely resembles bromine and 
chlorine, but is less active than these elements; consequently 
iodine may be liberated from the iodides by the addition of 
either bromine or chlorine. Iodine vapour is not inflammable, 
neither does it support combustion. Phosphorus, however, 
immediately takes' fire on coming in contact with iodine. 
Iron and other metals are attacked, when placed in contact 
with this element, with the formation of iodides. Iodine 
possesses very feeble bleaching properties. 

Iodine is characterised by yielding a most remarkable 
reaction with starch. The addition of a minute trace of free 
iodine colours starch solution a deep blue. The colour 
vanishes on boiling, but reappears as the liquid cools. Iodine 
when in a slate of combination docs not give this reaction ; thus 
no colouration is produced on adding potassium iodide solution 
to starch paste, but if a few drops of either bromine-water or 
chlorine-water be added, iodine is liberated and immediately 
strikes the characteristic blue tint with the starch. This re¬ 
action forms a most useful test both for free iodine and starch. 
Bromine stains starch paste a deep yellow tint, while chlorine 
is without action. 

257. Industrial Applications.— Iodine is largely used 
in medicine and in the preparation of a number of pharma¬ 
ceutical compounds. In the form of potassium iodide it is 
extensively employed in photography. In the preparation of 
many organic compounds iodine is almost a necessity, and 
receives commercial application in the manufacture of certain 
aniline dyes. 

Hydriodic Acid.—Formula, HI Molecular weight, 
126'90. Density, 63'45. 
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258. Preparation.— At a reef heat hydrogen and iodine 
can be caused to combine to produce hydriodic acid. The 
acid is also liberated when potassium iodide is treated with 
sulphuric acid; it is, however, in great part at once decomposed 
with the liberation of free iodine and the reduction of sul¬ 
phuric to sulphurous acid. It may be prepared in considerable 
quantity by the mutual action, at a gentle heat, of potassium 
iodide, iodine, and phosphorus on each other in the presence 
of water. Iodide of phosphorus is formed and decomposed 
by the water into phosphoric and hydriodic acids. The phos¬ 
phoric acid liberates some more hydriodic acid from the 
potassium iodide present.' 'fhe following equation represents 
the result of the reaction :— 

8 KI + 10I 2 + P 4 + 16H 2 0 = 4K* 2 HP0 4 + 28HI. 

Potassium. Iodine. Phosphorus. Water. Hydric dipotassic Hydriodic 

iodide. phospliate. acid. 

1 

Hydriodic acid may readily be obtained in dilute solution 
by passing sulphuretted hydrogen through water containing 
iodine in suspension, when the following reaction occurs :— 

SH, + I a = S + ,2111. 

Sulpuretted ludinc. Sulphur. Hydriodic 

hydrogen acid. 

The sulphur may readily be removed by filtration. 

259 . Properties.—Hydriodic acid is a colourless fuming 
gas, very similar in general properties and appearance to the 
hydrogen compounds of bromine and chlorine. It is neither 
inflammable nor a supporter of combustion ; at a red heat it 
is partly decomposed into free hydrogen and iodine. The gas 
is very soluble m water, and forms a solution, which at 15 ° C. 
has a density of i' 7 o, and contains 5 a per cent, of HI. The 
acid readily dissolves iodine, forming a dark brown solution. 
Its decomposition is immediately effected by either chlorine or 
bromine, and is also caused by nitric acid and other oxidising 
agents— 

2HNO, + 2HI = 2NO a + 2H a O + I,. 

Nitric Hydriodic * Nitrogen Water. Iodine. 

acid. acid. peroxide. 
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Hydriodic acid is a povterful acid, dissolving zinc, with the 
evolution of hydrogen ; it is monobasic, and forms a series of 
salts termed iodides. The greater number of the iodides are 
soluble, those of silver and lead being exceptions. Potassium 
iodide is a most valuable medicinal agent; silver iodide has 
most important photographic applications. 

260. Iodic Acid, HIOs-—On heating iodine with con¬ 
centrated nitric acid the following reaction occurs:— 

8 I 2 + 10HNO 3 = OHIO, + IONO + 2H a O. 

Iodine. Nitric acid. Iodic acid. Nitric oxide. Water. 

The resultant solution is heated to 200 °; and at this tem¬ 
perature any remaining traces of nitric acid are driven off and 
the iodic acid is decomposed, with the formation of iodic 
anhydride, I a O s 

2HIO, = IA + ha 

» Iodic acid. Iodic anhydride. Water. 

Iodic anhydride is a white powder, which readily dissolves 
in water, forming a thick syrupy liquid, from which crystals of 
iodic acid are deposited. 

The formula HI0 3 is similar to those of chloric and bromic 
acids, but iodic acid forms a series of hydric alkaline salts, and 
consequently its formula is at times written H 2 I 3 O c . This 
acid is colourless and odourless, and has a sour taste. Iodic 
acid differs considerably in properties from chloric and bromic 
acids, which are unstable bodies, and have no corresponding 
anhydrides. The iodic anhydride is, on the other hand, a very 
stable body, which requires a temperature of 371 ° C. to effect 
its decomposition into iodine and oxygen. The iodates are 
decomposed on the application of heat, yielding in the case 
of those of the alkali metals, iodides and free oxygen. The 
iodates of other metals evolve both iodine and oxygen, and 
leave either an oxide or the metal in the free state. 

* 

261. Periodic Acid, HIO,.— This acid is unknown in 
the anhydrous condition, always being combined with two 
molecules of water, which is expressed by the formula H s I0 6 , 
or HI0 4 ,2H a 0. This acid is formed by the action of iodine 
on an aqueous solution of perchloric acid, thus:— 
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2HCIO4 + Ij + 4 H 2 0 • = 2H 5 I0 8 + a,. 

Perchloric Iodine. Water. Periodic Chlorine, 

acid. acid. 

On evaporation, periodic acid is obtained in deliquescent 
crystals, which melt at 133 0 , and are decomposed at 140 ° into 
iodic anhydride, oxygen, and water. The aqueous solution has 
a strong acid reaction and forms a series of salts, termed 
periodates, which as a rule have a somewhat complex com¬ 
position, probably caused by the fact that iodic acid can act as 
a meta-acid, forming meta-salts, as potassium meta-periodate, 
KIO<, and also forming para-salts in which the hydrogen of the 
two hydrating molecules of. water fulfil acid functions, yielding 
a pentabasic acid. It is possible that iodine in this body acts 
as a heptavalent element, and that its graphic formula is 

il-Ck /O—H 

iiZo? [| \°- H 

0 

Barium para-periodate has the formula Ba 5 (I0 6 ) 2 : this 
salt may be heated to redness without decomposition. 

262. Iodide of Nitrogen, NI 3 —On treating iodine in 
the cold with a concentrated solution of ammonia, a black 
powder is formed, which may be removed by filtration. On 
allowing the filter-paper to dry spontaneously, the resultant 
powder explodes most violently with the slightest touch, pro¬ 
ducing fumes of iodine. This powder probably, consists of 
either the triiodide of nitrogen, or the compound NHI„ the 
former being produced when the ammonia is in excess. 

263. Fluorine.—Symbol, F. Atomio weight, 18 - 8 . 

t 

Occurrence. —Fluorine occurs in nature in combination 
with calcium in fluor spar (calcium fluoride), CaF 2 , and also in 
other numerals, among which is cryolite. The teeth of animals 
also contain traces of fluorine. 

264. Preparation. — Fluorine is such an exceedingly 
active element that until recently all efforts to obtain it in the 
free state had proved unsuccessful. Whenever liberated by any 
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chemical reaction it immediately attacked the vessel in which 
it was contained, and so evaded all attempts at its isolation. 
Moissan has, however, succeeded in obtaining this element by 
the electrolysis of perfectly anhydrous hydrogen fluoride, HF. 
The apparatus employed consisted of a platinum (j-tube fitted 
with delivery-tubes of the same metal and stoppers of fluor 
spar (calcium fluoride, CaF 3 ). The hydrogen fluoride was 
prepared by heating potassium hydrogen fluoride, KHF 3 , and 
condensed in a receiver immersed in ice and salt. The an¬ 
hydrous hydrogen fluoride was then introduced into the U-tube 
and cooled by immersion in liquid methyl chloride, boiling 
at — 23 ° C. A current from 2 o’large Bunsen cells was next 
passed through the liquid; traces of water were first driven off 
as hydrogen and ozope, at the same time the electric resistance 
of the liquid increased. In order to render it sufficiently con¬ 
ductive, a small quantity of dry potassium hydrogen fluoride 
was added, wlten hydrogen was evolved at the negative pole, and 
a colourless gas evolved at the positive pole, which was proved 
to be elementary fluorine. Under favourable conditions it was 
thus found possible to produce from 1 ‘ 5-2 litres of fluorine in 
an hour. 

265. Properties.— In this colourless gas, which is stated 
to have a very penetrating and disagreeable odour, crystallised 
silicon, adamantine boron, antimony, sulphur, phosphorus, 
and iodine take fire spontaneously and immediately. The gas 
decomposes water, with formation of ozone and hydrogen 
fluoride: it attacks metals much less readily, owing, most likely, 
to the formation of a superficial layer of fluoride, by which the 
metal is protected. Powdered iron, when gently heated, burns 
in the gas with the production of sparks. Or mixing the 
gas with hydrogen, combination immediately occurs, even In 
the dark, with explosion. Gold and platinum are attacked by 
the gas at 300 - 400 °. It at Once attacks perfectly dry glass, 
and also decomposes sodium chloride, with the liberation of 
chlorine. Fluorine combines directly with all the elements 
except oxygen, nitrogen, and carbon: no compound of fluorine 
with oxygen has been formed under any circumstances, but, by 
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indirect methods, fluoride of carbon may be produced. Such, 
in brief, are the properties in the free state of this the most 
active of all the chemical elements. 

Hydrofluoric Acid.—Formula, HF. Molecular 
weight, 19-9. Density of vapour, 9'95. Boiling-point, 
19’4° C. Specific gravity of liquid, 0-9879. 

266. Preparation. — The preparation of hydrofluoric 
acid (hydrogen fluoride) in the absolutely anhydrous state is 
an exceedingly difficult operation. The best method of 
procedure is to heat dry hydrogen potassium fluoride in a 
platinum flask, passing the "vapour which is evolved through 
a condenser consisting of a platinum tube surrounded by a 
freezing mixture, and collecting the condensed liquid in a 
platinum receiver also immersed in a mixture of ice and salt. 

When not required absolutely dry, the acid in a concen¬ 
trated form may be prepared by the action of the strongest 
sulphuric acid on finely powdered fluor-spar, CaF 2 . On their 
being mixed, no gas is evolved until heat is applied, when the 
following change occurs— 

CaF 2 + H 2 SO, = CaSO, + 2 HF. 

Calcium Sulphuric Calcium Hydrofluoric 

fluoride. acid. sulphate. acid. 

Dense while fumes are evolved, which condense on 


Fig. 61. 



being passed into a freezing mixture. For the preparation of 
the acid, the following apparatus may be employed. Fig. 61, c, is 
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a leaden retort having a joirit round the middle, through which 
it is charged with the requisite mixture of sulphuric acid and 
fluoride. The retort stands on a sand-bath and is heated by 
the burner underneath. The stem of the retort is attached to 
a (J-tube, also of lead, which stands in a freezing mixture, and 
in which the acid is condensed. 

267. Properties.— Hydrofluoric acid, as prepared by the 
action of sulphuric acid on fluor spar, is a colourless, volatile, 
fuming liquid, containing water in small quantity. It is an 
intensely powerful caustic, and combines with water with great 
readiness, evolving much heat in so doing. The anhydrous 
add has a density of 0-9879, but its mixture with water is 
accompanied with a sufficient diminution in volume to produce 
a liquid having the density 1-250. It dissolves the more 
easily attacked metals, with the formation of fluorides and the 
evolution of hydrogen gas; platinum and lead are unattacked 
by it. 

The most striking property of hydrofluoric acid is its power 
of attacking glass and all other substances containing silicon, 
an action whkh only proceeds in the presence of moisture. 
If a piece of glass be coated with a thin layer of wax, it may 
have any design marked on it with the point of a needle, which 
scratches through the wax and lays bare the surface of the 
glass. On exposing glass which has been thus treated to the 
action of either dilute hydrofluoric acid or the fumes arising 
from powdered fluor spar and sulphuric acid, the glass is 
deeply etched where the wax has been removed. In this way 
a permanent marking on glass may be effected. Measuring- 
tubes and other pieces of chemical apparatus are often gradu¬ 
ated and marked in this way. 

Hydrofluoric acid is a monobasic acid, but forms very 
readily a series of double fluorides, of which potassium hydrogen 
fluoride may be taken as an example: it has the composition 
KHF 2 or KF,HF, and may be viewed as a compound of the 
molecules of hydrofluoric acid and potassium fluoride. This 
salt on being heated is decomposed into the normal fluoride 
and hydrofluoric acid, hence it is conveniently employed as a 

1 
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source of the acid in its anhydroiis form. The fluorides are 
all decomposed by sulphuric acid with evolution of hydrofluoric 
acid. Chlorine also decomposes them at a high temperature, 
with formation of chlorides. A mixture of hydrofluoric acid 
and nitric acid has no action on gold. 

268. Review of the Halogens.— It will be seen that 
the members of this group of elements are characterised by 
possessing a remarkable similarity to each other. The con¬ 
nection between chlorine, bromine, and iodine is much closer 
than that with fluorine. Of these first three elements chlorine 
is a gas, bromine a liquid, and iodine a solid at ordinary tem¬ 
peratures. The density of the series increases with chlorine as 
the lowest and iodine as the highest. In the case of the binary 
compounds, the chemical activity diminishes with the increase 
in density; bromine being displaced from the bromides by 
chlorine, and iodine being displaced from iodides by either 
bromine or chlorine. The salts of silver and mercury are 
exceptions to this rule, as the chlorides and bromides may be 
converted into iodides by the action of concentrated hydriodic 
acid. In the case of the oxy-compounds, their relative stability 
is in the inverse order to that of the binary salts; the oxides of 
chlorine are so unstable as to explode on very slight elevations 
of temperature, while iodic anhydride is only decomposed at 
a temperature of 371 0 .' Neither iodic acid and iodates nor 
bromic acid and bromates are decomposed by free chlorine; 
while periodic acid is formed by the displacement by iodine 
of the chlorine of perchloric acid. The compounds of these 
three elements are very similar in character; when in combina¬ 
tion with the same element they form bodies having analogous 
formula: and crystallising in the same form. 
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CHAPTER XIX 

BORON AND SILICON 

Boron.—Symbol, B. Atomic weight, 10-0. Spociflo 
gravity, crystallised form, 2 63. 

269. Occurrence. —Boron does not occur plentifully in 
nature, the principal localities in which it is found being in 
certain volcanic districts of Tuscany and in California. It is 
not found in the free state, but in combination with oxygen. 

270. Preparation.— Boron may be obtained from its 
oxide, B 2 0 3 , by heading it with potassium or sodium. The 
boron trioxide is coarsely powdered, mixed with the potassium 
cut in small pieces, and the mixture placed in an iron crucible 
already heated to redness. It is covered over with a layer of 
common salt, and stirred with an iron rod until the reaction is 
over. The still fluid mass is next poured into water acidulated 
with hydrochloric acid, which dissolves all except the boron, 
which remains^ an amorphous brown or olive-green powder, 
and must be collected on a filter and well dried. The reaction 
which occurs is the following:— 

BA + CK 3 K 2 0 + 2 B. 

Boron Irioxide. Potassium. Potassium oxide. Boron. 

Amorphous boron obtained in this manner may be converted 
into a crystalline variety by fusion with aluminium. For this 
purpose a paste of amorphous boron and water is employed 
as a lining inside a crucible. In the centre a small ingot of 
aluminium, weighing some 8 or 10 grams is placed. The 
cover is luted down, and the whole crucible enclosed in a 
larger one, the space between being filled with charcoal, and 
the outer cover luted in place. The crucibles are then exposed 
to a white heat for some two hours, and allowed to cool. The 
melting aluminium dissolves the boron, from which, on cooling, 
it crystallises out in yellowish octahedral crystals. The 
aluminium may be dissolved by either; caustic soda or dilute 
hydrochloric acid, when the boron crystals remain. These 

, T2 
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crystals are not absolutely pure, but contain a to 4 per cent, of 
carbon. 

271. Properties.—The amorphous form of boron is 
slightly soluble in water, and is not oxidised by either air or 
oxygen at ordinary temperatures. Below redness it takes fire 
and bums, with the formation of boron trioxide, B 3 0 3 , which 
forms a superficial coating and so protects the interior from 
further oxidation. It may also be oxidised by treatment with 
nitric acid and other oxidising agents. 

The crystallised form is exceedingly hard, scratching the 
ruby and only being excelled by the diamond, which stone it 
sensibly abrades. It is infusible in the heat of the oxyhydrogen 
blowpipe, and in oxygen burns, with riie formation of the 
trioxide on the surface, by which it is protected from further 
action. In chlorine it bums, with the formation of boron 
chloride, BCI3. All acids are without action Oh boron. The 
element somewhat resembles carbon in properties, and is 
trivalent in most of its compounds. 

Boron Trioxide (Boric Anhydride). — Formula, 
B.Oj. Molecular weight, 69 - 44 . 

Boric Acid.—Formula, H s BO r Molecular weight, 
61 - 54 . 

272. Occurrence.—Only one oxide of boron is known, 
this, in combination with water as boric acid, occurs in Tuscany, 
and the sodium salts are found in Thibet and California. 

273. Extraction.—The Tuscan boric acid is brought to 
the surface by jets of steam termed suffioni, which escape from 
regions subject to subterranean volcanic heat; the springs so 
formed contain boric acid in small quantity. To concentrate 
the dilute solution thus occuiring, a series of basins is con¬ 
structed of rough masonry around the suffioni themselves 
(fig. 62). a b is one of such basins, into which the water is 
conducted. The heat of the gases escaping from the suffion 
concentrates the liquid by evaporation; after some twenty-fou 
hours it is allowed to flow into a similar basin built at a lowe 
level, and thus undergoes successive concentrations in a serie 



274. Properties.— Boric acid occurs in scaly crystals 
having a somewhat pearly lustre, and the same greasy feeling 
to the touch a£ is possessed by graphite. The acid is soluble 
in cold water to the extent of about 4 per cent.; boiling water 
dissolves about one-third of its own weight of boric acid. In 
solution this acid has only a very faintly sour taste; it changes 
litmus to the ^rort-wine tint also produced by carbonic acid. 
The carbonates are decomposed by boric acid, particularly 
with a hot solution, but in the cold, excess of carbon dioxide 
displaces a portion of boric acid from its salts. Boric acid 
stains turmeric paper a brown colour, which colour is unaltered 
by treatment with hydrochloric acid: the alkalies produce a 
stain of the same colour, but in this case, the yellow tint is 
restored by the action of a free acid. 

Boric acid imparts a vivid green tint to a bunsen flame, and 
also to burning alcohol. On being heated the acid is first 
decomposed into water and metaboric acid* 

H,BO, = HBO a + HjO, 

Boric acid. Metaboric acid. Water. • 

With still further heat, the meta-acid is decomposed, leaving 
behind a transparent glassy substance, which consists of boron 
trioxide:— 

2HBO a = B,0 3 . + HjO. 

Metaboric acid. Boron trioxide. Water. 
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Although boric acid has at ordinary temperatures but feebly 
acid properties, yet at a sufficiently intense heat it displaces 
almost all other acids from their combinations with bases; a 
fact due to the very slight volatility of boric anhydride at 
high temperatures. 

In addition to these two forms of boric acid, salts are also 
known which correspond to another form, termed pyro-boric 
acid, H 2 B 4 0j. Thus borax, the best known salt of boric acid, 
has the formula, Na 2 B 4 0 7 , which may also be written (NaB 0 2 ) 2 , 
B 2 O a ; that is, two molecules of the meta-borate combined with 
a molecule of the trioxide. Owing to this tendency of the 
borates to unite with additional molecules of the anhydride, 
the greater number of them are somewhat complex in com¬ 
position. Borax is prepared in large quantity by addition of 
sodium carbonate to the hot solution of boric acid ; the liquid 
on cooling deposits this salt in large colourless crystals. 
Although borax contains an excess of boric acid, it is feebly 
alkaline in reaction to litmus. Borax in a fused state possesses 
in a remarkable degree the property of dissolving metallic 
oxides, thus forming borates which frequently have characteristic 
colours. u 

275. Industrial Applications.— Boric acid is a powerful 
antiseptic, and is somewhat largely used as a milk and fish 
preservative. Very small quantities are sufficient for this 
purpose, and being practically tasteless, its use does not confer 
any objectionable flavour: so far as is known, boric acid is com¬ 
paratively free from any injurious action on the human system. 

Borax is largely used as a flux by the silver and gold refiner, 
and also by the tin- and copper-smith in order to obtain oxide- 
free metallic surfaces for soldering and brazing purposes. 

276. Other Boron Compounds.— Boron combines with 
hydrogen, and also the halogens, forming a series of compounds 
represented by the following formulae : BH a , BCl a , BBr a , and 
BF a . 

Hydrofluoboric Acid, HBF,, or HF,BF a .—When 
gaseous boron fluoride is^ brought into contact with water, boric 
and hydrofluoboric acids are formed, according to the equation 
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8 BF S + 6 H a 0 »= 6HBF, + 2 H 3 B 0 3 . 

Boron fluoride. Water. Hydrofluoboric acid. Boric acid. 

This acid forms a series of salts known as fluoborates, or 
borofluorides, of which KBF 4 , potassium fluoborate, is an 
example. This acid may be viewed as a compound of one 
molecule each of hydrofluoric acid and boron fluoride. The 
more frequent name applied to the salts is that of borofluoride; 
it has, however, the objection that the termination ide is used 
for other than a binary compound. 

Boron Nitride, BN.—This is one of the few instances 
of a compound being formed by the direct union of nitrogen 
with another element: for on passing nitrogen over boron at 
a white heat, this body is produced. It is a colourless, light, 
amorphous powder, of no special importance, 

Silicon.—Symbol, Si. Atomio weight, 28’2. Specific 
gravity of crystals, 2'49. 

277. Occurrence.— Silicon does not occur free in nature, 
but, next to oxygen, is the most plentiful of all the elements, Its 
oxide, SiO s , occurs in the free state, as flint and quartz, and 
also in combination, as one of the principal constituents of 
most rock formations except those of coal and limestone. 

278. Preparation.— Silicon forms a potassium compound, 
having the formula (KF) 2 SiF 4 , termed potassium silicofluoride, 
and very similar in properties to potassium borofluoride, already 
described. On heating a mixture of potassium and this silico¬ 
fluoride, the following reaction occurs :— 

(KF) 2 SiF 4 + 4 K = Si + 6KF. 

Potassium silicofluoride. Potassium. Silicon. Potassium fluoride. 

In order to effect this change, about equal weights of the 
two bodies are heated strongly in an iron tube, until all reaction 
is over. When perfectly cold the mixture is treated with water, 
when hydrogen is evolved by the excess of potassium remaining. 
There remains an insoluble body, which is carefully washed until 
no trace of alkali remains; this, on being filtered and dried, 
leaves a brown powder, which consists of amorphous silicon. 

Intense ignition of this silicon results in a diminution of 
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volume, and a denser form of sillkon, much less chemically 
active. This substance is apparently identical with that formed 
by igniting together potassium silicofluoride and aluminium, 
when the following reaction occurs. 

3 (KF) 2 SiF 4 + 4 A 1 = 6KF + 2 AI 2 F„ + 3 Si. 

Potassium Aluminium. Potassium Aluminic Silicon, 

silicofluoride. fluoride. fluoride. 

The fused mass thus produced is allowed to cool, and 
treated first with hydrochloric and then with hydrofluoric acid ; 
the silicon remains behind as black, hexagonal, shining crystals 
which, from their resemblance to graphite, have been termed 
graphitoidal silicon. , 

Silicon may also be obtained in the form of octahedral 
crystals by heating together potassium silicofluoride, sodium, 
and pure zinc. The residual mass is exhausted, first by hydro¬ 
chloric acid, and afterwards by nitric acid. These crystals are 
sufficiently hard to cut glass. , 

279. Properties. — In the amorphous form, silicon is 
insoluble in water, and a non-conductor of electricity. It is 
inflammable in either air or oxygen, forming as it burns a layer 
of silica, Si 0 2 , with which the fragments are coatgfi, and which 
by shutting off the air prevents the interior from being oxidised. 
Hydrofluoric acid, or a solution of potassium hydrate, dissolves 
silicon, which is, however, unacted on by either nitric or 
sulphuric acids. The ignited form of amorphous silicon is 
much more difficult to burn ; even ignition in the oxy-hydrogen 
blowpipe flame does not cause it to take fire. 1 Pure hydro¬ 
fluoric acid is without action on it, but it is rapidly attacked by 
a mixture of nitric and hydrofluoric acids. The graphitoidal 
variety of silicon is a conductor of electricity, and possesses the 
same general reactions as the ignited form, with which possibly 
it is identical. 

The f octahedral form is very ha-d, and is also unattacked 
by hydrofluoric acid, or any mixture of acids, except that of 
nitric and hydrofluoric acids. 

It will be seen that considerable resemblance exists between 
silicon and carbon; both possess two crystalline varieties 

1 The word ignition is used by the chemist to signify subjection to 
intense heat, independently of whether or not the sulr.tance bums. 
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which respectively somewhat resemble each other in character 
They both yield an amorphous form. In this they are also 
resembled by boron, which likewise yields a very hard crystalline 
variety. In their chemical relationships carbon and silicon are 
also found to be very similar to each other. This will be more 
evident on examining the principal silicon compounds, which 
in composition are identical with carbon compounds with the 
same elements. 

Silicon Dioxide, Silica.—Formula, Si0 3 . Molecular 
weight, 59-90. Specific gravity a* quartz, 2-0. 

Silicic Acid.— Formula, H^SiO,. 

280. Occurrence. —As has already been mentioned, silica 
is widely distributed in nature as a rock constituent. Quartz 
and amethyst are examples of a crystalline variety, and agate, 
chalcedony, opal, and flint consist of silica in an amorphous 
form mixed wjth more or less of the crystalline variety. 

281. Preparation.— Silica is sometimes termed silicic 
anhydride because with water it forms acids, and unites with 
bases to produce salts. Prolonged boiling with concentrated 
solutions of faustic potash or soda dissolves crystalline silica 
very slowly, but has a more rapid action on the amorphous 
varieties. When fused with either of the alkaline carbonates 
an alkaline silicate is formed:— 

SiO s 4- 2 K 2 COa — K,SiOj 4* 2 C 0 3 . 

Silica. Potassium Potassium Carbon dioxide, 

carbonate. silicate. 

Carbon dioxide escapes, and the remaining silicate is soluble 
in water, and constitutes the substance known as water-glass. 
If hydrochloric acid be added to the solution, potassium chloride 
and silicic acid are formed:— , 

K 4 Si 0 4 + 4 HC 1 = 4 KC 1 + H 4 Si 0 4 . 

Potassium Hydrochloric Potassium Silicic 

silicate. acid. chloride. acid. • 

If the solution be concentrated the silicic acid separates 
out as a gelatinous mass, but if sufficiently dilute it remains 
dissolved. On the solution being placed in a drum with the 
bottom made of parchment paper, .and this floated in its turn 
in a vessel of water, the potassium chloride, being a crystalline 
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body, diffuses through the membr&ie, and a pure solution of 
silicic acid remains behind. In this way a solution of quartz 
or silica is produced. This solution may be concentrated by 
careful evaporation until it contains about 14 per cent, of silica; 
but the solution of this degree of strength is liable to assume 
the gelatinous form. On further concentration the silica 
separates out, and on evaporation to complete dryness remains 
as an amorphous white powder, insoluble in water and acids. 

282. Properties. —Quartz is, when pure, transparent and 
colourless ; it is so hard that it scratches glass. Quartz crystals 
consist of hexagonal prisms’capped with hexagonal pyramids. 
Quartz is insoluble in water and all acids, except hydrofluoric 
acid, by which it is readily attacked. It .is not liquefied by 
the heat of the strongest furnaces, but may be melted into a 
glassy mass by the oxy-hydrogen blowpipe. 

Silicic acid, as obtained by the process of dialysis above 
described, is colourless and tasteless; it is a very weak acid, 
and may be displaced from its union with bases by even such 
a feeble acid as carbonic acid. This fact is strikingly 
exemplified by the slow 1 weathering ’ of granitic«rocks by the 
action of the carbonic acid from the atmosphere by which they 
are attacked. The alkaline silicates are slowly dissolved as 
carbonates, and are washed away, leaving behind the more 
insoluble rocky constituents. On the other hand, at a high 
temperature, owing to its non-volatility, silica is able to displace 
almost every acid from its compounds with bases. The decom¬ 
position of the alkaline carbonates by silica is an illustration of 
this property. 

Silicic acid has been represented as a tetrabasic acid with 
the formula, H* 4 Si 0 4 , but it is found impossible to prepare 
with certainty any definite hydrates of silica; therefore all 
formulae,given to the acids are really derived from those show¬ 
ing the constitution of its salts. The silicates constitute a most 
important natural group of substances, as almost all rock-forming 
minerals belong to this class. The following are examples of 
a few typical silicates, with the corresponding acids of which 
they may be supposed to be salts. 
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Acids. Salts. 

Metasilicic acid, Potassium Metasilicate, K s SiO s . 

HjSiOj or Wollastonite, CaSiO a . 

Si0 2 ,HjO. Augite, (CaMg)"SiO a 

Orthosilicic acid, Olivine, Mg 2 Si0 4 . 

H 4 Si0 4 or Forge cinder, Fe 2 Si0 4 . 

Si0 2 (H 2 0) 2 . Garnet, Al 2 Ca 3 (Si0 4 ) 3 . 

H 4 Si0 4 , H a Si0 3 . Meerschaum, ' Mg 2 Si0 4 ,H. 2 Si0 3 . 
JI 6 Si 2 0 7 . Serpentine, Mg 3 Si 2 0 7 . 

H 4 Si ; ,0 8 or Orthoclase felspar, Al 2 K 2 (Si 3 O g ) 2 . 

(Si0 2 ) 3 ,(H 2 0) 2 . 

It is difficult to satisfactorily trace out the constitution ol 
the more complex, silicates, particularly as it is impossible to 
determine their true molecular formula;; those given are in 
most cases the simplest possible formula; that can be derived 
from the [Jcrcentage composition. It is frequently more 
satisfactory to represent these bodies by formula; showing the 
number of molecules of anhydride and base of which they 
are composed. For example, felspar thus becomes (SiO a ), 
Al 2 0 a ,K 2 0, -jnd meerschaum (SI0 2 ) 2 (Mg0).,,H 2 0. 

The alkaline silicates are soluble in water and constitute 
the substance known as water-glass. Certain natural hydrated 
silicates, called zeolites, are insoluble in water, but are dissolved 
by hydrochloric acid, with the formation of gelatinous silicic acid. 
Other silicates are insoluble in water and all acids except 
hydrofluoric acid. Clays are natural silicates of alumina, 
kaolin or so-called china clay, being formed by the decomposi¬ 
tion of felspar by atmospheric carbonic acid. 

283. Industrial Applications.— The various clays are 
used in the making of bricks and earthenware, the purest clays 
being marked by extreme infusibility. Glass is also a mixture 
of silicates. The soluble alkaline silicates possess tietergent 
properties, and are employed in the manufacture of soap. 

284. Silicon Hydride, SiH 4 . —Silicon hydride is a gaseous 
body, having a density of i6'i. It may be prepared by the 
action of dilute hydrochloric acid on magnesium silicide, SiMg s 
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To obtain this body 8 parts of anhydrous magnesium chloride, 
7 parts of sodium silicofluoride, a parts of sodium chloride, 
and 4 parts of finely divided sodium are placed in a red-hot 
crucible which is immediately closed. On cooling, a mass of 
substance remains which contains magnesium silicide together 
with excess of magnesium. On placing this substance in a 
gas delivery-flask, fitted with wide exit-tube, the evolution of 
gas may be caused by first filling the flask with air-free water, 
and then adding carefully dilute hydrochloric acid, when the 
following reaction occurs :— 

SiMgj + 4HC1 f= 2MgClj + SiH,. 

Magnesium Hydrochloric Magnesium Silicon 

silicide. acid. chloride. hydride. 

The end of the delivery-tube of the apparatus should be 
placed under water in a pneumatic trough ; as each bubble of 
gas arrives at the surface it takes fire spontaneously, forming a 
vortex ring of smoke which consists of finely divided silica. 
In this experiment the excess of magnesium causes the evolved 
gas to be associated with free hydrogen; if steps be taken to 
obtain the gas in a state of absolute purity, it is no longer spon¬ 
taneously inflammable, but still takes fire with a slight elevation 
of temperature. If a jar of the gas be collected and inflamed, 
the hydrogen burns and deposits a film of amorphous silicon 
around the neck of the jar. 

285. Silicon Chloride, SiCl,.— This body is a volatile 
liquid boiling at s 8 °C. It may be prepared by heating together 
a mixture of silica and charcoal in chlorine gas, when the 
following change occurs— 

SiO, + 2C + 2C1, = SiCl, + 2CO. 

Silica. Carbon. Chlorine. Silicon Carbon 

chloride. monoxide. 

The silicon and chlorine combine, and simultaneously the oxide 
of carbon'is formed. 

Silicon bromide and iodide, SiBr 4 , and Sil„ are formed by 
similar reactions and have corresponding formulae. 

286. Silicon Fluoridq, SiF,.— This body is a gas possess¬ 
ing a suffocating odour, and is formed whenever hydrofluoric acid 
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acts upon silica, or a silicatft, in the presence of a powerful drying 
agent. It may conveniently be prepared by gently heating a 
mixture of fluor-spar with an excess of fine sand (silica) and 
sulphuric acid. Hydrofluoric acid is first evolved, and then 
attacks the silica— 

SiO, + 2CaF a + 2H a S0 4 = SiF 4 + 2CaS0 4 + 2H a O. 

Silica. Calcium fluoride. Sulphuric Silicon Calcium Water. 

acid. fluoride. sulphate. 

It is this reaction by which hydrofluoric acid acts on glass 

and all silicates. Silicon fluoride is immediately decomposed on 
coming in contact with water. 

The similarity in constitutioB between silicon and carbon 
compounds is strikingly shown in the bodies just described; 
the analogous carbon compounds are below placed side by side 
with them for comparison :— 


Silicon hydride, 

SiH 4 . 

Carbon hydride, 

ch 4 . 

» 

chloride, 

SiCl 4 . 

»» 

chloride, 

CC1 4 . 

»» 

bromide, 

SiBr 4 . 

>» 

bromide, 

CBr 4 . 

1) 

iodide, 

Sil 4 . 

M 

iodide, 

CI 4 . 

»> 

fluoride, 

SiF 4 . 

M 

fluoride, 

cf 4 . 

>1 

clftoroform, SiHCl 3 . 

M 

chloroform, CHC1 

ft 

oxide, 

Si0 2 , 

» 

oxide, 

co a . 


This list is capable of much further extension. 


287. Hydrofluosilicic Acid, H 2 SiF 6 .— When silicon 
fluoride is decomposed by the action of water the following 
reaction occurs:— 

3SiF 4 + 4H a O = H 4 Si0 4 + 2H a SiF 6 . 

Silicon Water. Silicic Hydrofluosilicic 

fluoride. acid. acid. 

In the first place, gelatinous silicic acid-and hydrofluoric 
acid are formed; the hydrofluoric acid unites with silicon 
fluoride and produces hydrofluosilicic acid, which, may be 
regarded as (HF) a SiF 4 . In thus preparing this acid there is 
considerable risk of altogether stopping the end of the delivery- 
tube with the silicic acid; this is avoided by placing a little 
mercury in the vessel containing the water, and keeping the 
end of the delivery-tube well below the surface of the metal. 
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The silicic acid is removed by filtration, and the hydrofluosilicic 
acid concentrated by evaporation at ordinary temperatures in 
vacuo , when there remains a colourless, strongly acid liquid. 
Hydrofluosilic acid does not attack glass, but if evaporated 
in a vessel of that material it decomposes with the escape of 
silicon fluoride, and the hydrofluoric acid remaining corrodes 
the glass on the surface. Hydrofluosilicic acid forms salts 
known as silicofluorides, but better termed fluosilicatcs, for the 
same reason as that which holds with the fluoborates, which 
show some similarity in constitution. The fluosilicates of 
barium (BaSiF 6 ), calcium, potassium (K. 2 SiF 6 ), and sodium 
are insoluble in water; most others are soluble. 


CHAPTER XX 

PHOSPHORUS 

Phosphorus.—Symbol, P. Atomic weight, 30 - 77 . 
Density, 6154 . Specific gravity of ordinary variety, 
T 83 . Molecular weight, 123 ' 08 . * 

288. Occurrence. — Phosphorus is not found free in nature, 
but occurs in many igneous rocks; thus minute crystals of 
minerals containing phosphorus may be discerned by the 
microscope in granite. These rocks, by their decomposition, 
produce soil which also contains phosphorus, as phosphates. 
These are assimilated by plants and are found especially in 
the seeds; thus considerable quantities of phosphorus occur 
in wheat. In their turn animals assimilate the phosphates of 
vegetable food, add use them in building up certain compounds 
occurring in the brain and elsewhere, but more especially in 
the formation of bone, the mineral pait of which, or bone-ash, 
consists largely of calcium phosphate. The fossil substance 
known as ‘coprolites’ is also principally composed of calcium 
phosphate. From this compound the phosphorus of commerce 
is prepared. 

289 . Manufacture.— The first step in the preparation of 
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phosphorus is to mix bon 8 -ash with two-thirds of its weight 
of sulphuric acid diluted with water. Calcium phosphate is 
insoluble, but under this treatment is transformed into a 
soluble acid phosphate, commonly known as superphosphate 
of lime. The following equation represents the change which 
occurs:— 

Ca 3 (rO.,)j + 2H 2 S0 4 = CaH 4 (P0 4 ), + 2CaS0 4 . 

Calcium Sulphuric Calcium Calcium 

phosphate. acid. hydric phosphate. sulphate. 

The calcium sulphate is allowed to settle, and then the clear 
solution of acid phosphate is evaporated down to the consis¬ 
tency of a syrup and mixed into a paste with powdered charcoal. 
This is dried and then heated to low redness in an earthen¬ 
ware retort, the stem of which dips under water. 

The first result of the application of heat is that the acid 
or hydric phosphate loses its water, being converted into a salt 
known as the metaphosphate :— 

CaH 4 (P0 4 ) 2 = Ca(P0 3 ) 2 + 2II 2 0. 

Calcium Calcium Water, 

hydric phosphate. metaphosphate. 

The metaphosphate is at the high temperature decomposed 
by the charcoal; thus:— 

8Ca(P0 3 ) 2 + IOC = P 4 + Ca 3 (P0 4 )j + IOCO. 

Calcium Carbon. Phosphorus. Calcium Carbon 

metaphosphate. phosphate. monoxide. 

The phosphorus thus produced distils over, and is purified 
by re-distillation and squeezing through wash-leather under 
warm water. 

290. Properties.— Phosphorus is an almost colourless 
(slightly yellow) and transparent solid, having at ordinary tem¬ 
perature the consistency of bees’-wax, and may be cut with a 
knife. At the freezing-point it .becomes considerably hatder 
and more brittle; it then shows, on being broken, evidences of 
crystalline structure. Phosphorus melts at a temperature of 
44 ' 3 0 and boils at 290 ° C.; the vapour is colourless. The 
density of phosphorus vapour is fi 2 'oo, or double the atomic 
weight. The molecular weight is i? 4 ‘oo, and therefore phos¬ 
phorus, like sulphur, contains more than two atoms in the 
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molecule. While the sulphur molfecule is hexatomic, that of 
phosphorus is tetratomic. At high temperatures the density of 
phosphorus vapour diminishes, and the element exists in part, 
at least, as diatomic molecules. When exposed to the air 
phosphorus is seen to evolve small quantities of smoke, and 
in the dark is distinctly luminous. From this property it has 
received its name, which signifies light-bearer. The fumes 
emitted consist of phosphorus trioxide, P 2 0 3 , and the light is 
due to slow combustion of the phosphorus. This element is 
characterised by its great inflammability ; at a temperature of 
about 44 °, a very little over its melting-point, it takes fire, and, 
as the student already knows, burns brightly, with the forma¬ 
tion of phosphorus pentoxide. Phosphorus combines readily, 
not only with oxygen, but also the halogens, and with sulphur. 
Phosphorus is easily ignited by a slight amount of friction : the 
greatest possible care must therefore be exercised in handling 
and cutting the phosphorus. The last operation is, in fact, 
always more safely performed under water. Phosphorus is in¬ 
soluble in water, slightly soluble in alcohol or ether, and readily 
soluble in carbon disulphide. A carbon disulphide solution of 
phosphorus deposits the phosphorus in well-defined crystals 
on its evaporation. If poured over paper, so as to form a thin 
layer, the finely divided phosphorus left on evaporation oxidises 
so rapidly as to take fire and also inflame the paper. 

Mixtures of phosphorus with potassium chlorate or nitrate 
explode most violently on the slightest percussion. Owing to 
the readiness with which it undergoes oxidation, phosphorus is 
kept under water, which liquid it does not decompose. 

291. Red or Amorphous Phosphorus.— In addition 
to the yellow variety, phosphorus occurs in another totally dis¬ 
tinct form, known as red or amorphous phosphorus. If ordinary 
phospherus be maintained at a temperature of 240 ° for some 
time, it is more or less completely changed into an opaque 
reddish mass, without any alteration of weight. This, on puri¬ 
fication from the ordinary form, constitutes amorphous phos¬ 
phorus. 

On the large scale, amorphous phosphorus is manufactured 
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by heating the ordinary phosphorus for a period of some days 
in an iron vessel having only a small aperture. The tempera¬ 
ture is carefully regulated to 240 °, and when the change has 
proceeded as far as practicable the phosphorus is removed. In 
order to free it from traces of ordinary phosphorus, the resultant 
mass is treated with carbon disulphide, which dissolves the 
ordinary form, but is without action on the red variety. Or, the 
phosphorus may also be digested with caustic soda solution, 
until the whole of the yellow phosphorus present is displaced 
as phosphoretted hydrogen; red phosphorus is unacted on by 
sodium hydrate. When thus prepared red phosphorus occurs 
as a dark red powder. This modification differs most remark¬ 
ably from the yellow kind, It is not luminous when exposed 
to air, docs not oxidi.se, and so need not be kept under water. 
It remains solid up to a temperature beyond 250 °, and does 
not take fire when heated in the air until 260 “ is reached. At 
this point it becomes changed into the yellow variety, and 
burns. If the heating be conducted in a retort filled with 
carbon dioxide, so as to prevent combustion, the same weight 
of yellow phosphorus is produced, proving most clearly that 
the two varieties are only allotropic modifications of one and the 
same element. Further, both, on being burned, produce the 
same weight of phosphorus pentoxide. 

The change from the yellow to the red form takes place much 
more readily and at lower temperatures in the presence of traces 
of iodine. 

Ordinary phosphorus is violently poisonous, while the red 
form of the element is without any action on the human 
economy. 

292. Industrial Applications.— The ready inflamma¬ 
bility of phosphorus has caused it to be largely employed as a 
means of obtaining light. The earlier lucifer matches introduced 
during the last century consisted of slips of wood, dipped 
in sulphur and tipped with a phosphorus composition. They 
were briskly drawn through a double fold of glass-paper, and 
thus ignited. At present the ordinary lucifer match is made 
by first dipping the prepared wooden slips in either sulphur or 

U 
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melted paraffin, by which they ars rendered inflammable. A 
tipping composition is prepared which consists of phosphorus 
mixed with some oxidising substances; of such mixtures, the 
following are examples :— 


Phosphorus . 

47 

Phosphorus . 

8 0 

Gum 

140 

Glue . 

2ro 

Water 

I 2*0 

Lead peroxide 

24.0 

Lead peroxide 

6 5 ° 

Saltpetre 

24-0 


This is applied to the tips of the matches, and allowed to 
dry on. Very slight friction on any rough surface causes the 
match to take fire. 

Of late years, red phosphorus has largely replaced the 
ordinary variety in match manufacture. It has the advantage, 
ofbeing non-poisonous, thus avoiding the’ risk of poison espe¬ 
cially to young children who readily eat matches, in common 
with fragments of broken glass, and other siinilar articles of 
diet. Further, the substitution of red phosphorus is a most 
valuable boon to those engaged in the manufacture of matches, 
as the fumes of ordinary phosphorus vapour induce a most 
painful and serious bone-disease. The red phosphorus matches 
are introduced to the public under the name of ‘ safety ’ 
matches, because they can only with difficulty be caused to 
light otherwise than by friction on the prepared surface of the 
box. The matches in this case are tipped with a composition 


containing the oxidising substance of which the following is an 
example :• - 

Potassium chlorate . . 6 

Antimonious sulphide . , 2-3 

Glue. 1 

The phosphorus is applied to the side of the box in a mix- 
lure such as the following ■ 

•Amorphous phosphorus 10 

Manganese dioxide, or antimonious sulphide 8 
Glue 3-6 


Very slight friction between the match and the phosphorus 
surface causes ignition. ‘ 
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Hydrogen Phosphides.—-Phosphoretted Hydrogen- 
Formula, PHj. Molecular weight, 33 77 . Density, 
16 ' 88 . Specific gravity, 117 . 

293. Preparation.— On boiling a strong solution of 
caustic soda or potash with phosphorus, a spontaneously in¬ 
flammable gas is evolved, having the odour of putrid fish, 
and approximately the composition l’ll ;i . This gas is phos- 
phoretted hydrogen or phosphine. The caustic soda and phos¬ 
phorus should Ire introduced into a flask, together with water, 
and then the whole of the air completely displaced either by 
carbon dioxide or coal-gas. The delivery-tube must be well 
fitted, and its exit end should lead under the surface of water 
in a pneumatic trough. On applying heat to the flask, bubbles 
of gas arise, which'gradually displace the coal-gas. Then as 
each bubble rises through the water and meets the air, it at 
once bursts into flame, forming a beautiful series of vortex rings 
of smoke, consisting of phosphorus pcntoxidc. Jars of the 
gas may be collected in the ordinary way in the trough over 
water; care, must he taken, however, that they do not come 
in contact with air. 

The reaction by which plrosphorctlcd hydrogen is thus 
produced is a somewhat complicated one, and may be thus 
expressed : — 

P 4 + 8KHO + 8 H 2 0 = SKH 2 P 0 2 + PII,. 

Phosphorus. Potassium Water. Potassium Phosphoretted 

hydrate. hypophosphite. hydrogen. 

In addition to the phosphoretted hydrogen, PII 3 , traces of 
another phosphide of hydrogen, P,II 4 , are formed. It is the 
presence of these which causes the gas to inflame spontaneously. 
The gas on standing loses this property, because the second 
phosphide, P a lf 4 , suffers decomposition. 

In the above method of preparing the gas, milk of lime (/.<*. 
lime suspended in water) may be employed instead o? caustic 
potash. 

This second phosphide may be obtained by passing the 
phosphoretted hydrogen through a (J-tube surrounded by a 
mixture ofice and salt It is a volatile, colourless liquid, taking 
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fire immediately on coming in corftact with air. This liquid 
phosphoretted hydrogen has the formula P 2 II 4 , and the pre¬ 
sence of traces of its vapour in hydrogen, carbon monoxide, 
or other inflammable gas, as well as gaseous phosphoretted 
hydrogen, causes them to take fire spontaneously when coming 
in contact with air. Liquid phosphoretted hydrogen is also 
produced when calcium phosphide, CaP, is treated with 
water: - 

2CaP + 4HjO = 2Ca(IIO).j + P,II 4 . 

Calcium Water. Calcium Phosphoretted 

phosphide. hydrate. hydrogen. 

This liquid phosphide is readily decomposed by light, or the 
action of hydrochloric acid, into a solid phosphide, P 4 H 2 , and 
gaseous phosphoretted hydrogen :— 

6 P s H 4 = PJL, + 6PH 3 . 

Liquid Solid t Gaseous 

phosphoretted hydrogen. phosphoretted hydrogen. phosphoretted hydrogen. 

294. Properties.— Gaseous phosphoretted hydrogen is a 
colourless gas, having a most unpleasant odour of putrid fish. 
It is readily inflammable, burning with the production of phos¬ 
phorus pentoxide and water. The compounds eft phosphorus 
somewhat resemble in their constitution and properties those 
of nitrogen. It will Ire seen that this hydride is similar in con¬ 
stitution to ammonia, NH 3 . It has, however, no action on 
litmus paper, but nevertheless shows in some cases slightly 
basic properties: for example, it combines with hydtiodic 


acid 



ph 3 + 

HI = 

PH 4 I. 

Hydrogen phosphide. 

Hydriodic acid. 

Phosphonium iodide. 


The body thus produced, phosphonium iodide, PH 4 I, is 
analogous in composition to ammonium iodide, NII 4 I. 

As already stated, by the ordinary methods of preparing 
PII 3 , it is accompanied by traces of the liquid phosphide, 
P 2 II 4 . If a jar of the gas be left standing for some time, the 
inside will be found covered with a film of yellow solid matter. 
This is produced by the condensation and subsequent decompo¬ 
sition of the liquid phosphide, with the production of the solid 
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phosphide, P<Hj. This body is a yellow powder which takes 
fire at about a temperature of 150° C. 

Phosphorous Chloride.—Formula, PC1 3 . Molecu¬ 
lar weight, 136 31. Density, 6815. Specific gravity 
of liquid, 16129 at 0° C. Boiling-point, 76°. 

295. Preparation.—This body may be prepared by pass¬ 
ing dry chlorine over excess of dry phosphorus contained in 
a retort, the amorphous variety being preferably employed. 
The following arrangement of apparatus (fig. 63), is con¬ 



venient. On the left-hand side is shown th| chlorine flask, 
wash-bottle, and drying-tube. The retort is gently heated by 
a spirit-lamp, and has its stem introduced into a receiver kept 
cold by a current of water flowing over its outside. Phosphor¬ 
ous chloride collects in the receiver. 

296 . Properties.— The trichloride of phosphorus is a 
colourless, fuming, volatile liquid, which readily dissolves phos¬ 
phorus. Water decomposes it, witlf the formation of hydro¬ 
chloric and phosphorous acids :— 
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PCI., + 8 H a 0 = HjPHO, + 8 HQ, 

Phosphorous Water. Phosphorous Hydrochloric 

chloride. acid. acid. 

Phosphoric Chloride.—Formula, PC 1 5 . Molecular 
woight, 208 - 87 . 

297. Preparation. —This compound is formed when 
phosphorus is treated with excess of chlorine ; it may be pro¬ 
duced by leading dry chlorine into a flask containing phos¬ 
phorus trichloride and placed underneath a stream of cold 
water. The chlorine is absorbed and the trichloride becomes 
converted into a white or yellowish white mass of pentachloride. 
It is also prepared by passing chlorine in excess through a solu¬ 
tion of phosphorus in carbon disulphide. 

298. Properties.-- -This body is a white crystalline powder 
which, under ordinary atmospheric pressures, sublimes without 
fusion. The vapour is at first colourless, but (darkens with 
increase of temperature, and at the same time diminishes in 
density. This is due to its dissociation into the trichloride and 
free chlorine. Under pressure, the solid may be melted into 
a liquid which on further increase of temperature boils. It is 
very deliquescent, and in the presence of water is M decomposed 
into phosphoric and hydrochloric acids. 

PCI, + 4 H a O = dHCl + II 3 PO,. 

Phosphoric Water. Hydrochloric Phosphoric 

chloride. acid. acid. 

299. Phosphorus Pentafluoride, PF f ,.— By treating 
arsenic tri fluoride with phosphorus pentachloride a compound 
is formed having the composition PF 5 . This body, which is a 
colourless gas, has a density of 62-6; and is stable at very high 
temperatures, showing no signs of dissociation. The existence 
of this compounS furnishes valuable evidence of the pcntavalent 
nature of phosphorus in a stable gaseous molecule. 

300/Phosphorus Oxides and Acids.— Phosphorus 
and oxygen combine to produce four oxides 

Phosphorus monoxide, P 4 0 . 

Phosphorus trioxide (phosphorous anhydride), P a O, 
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• Oxides of Phosphorus 

Phosphorus tctroxide, V a 0 4 . 

Phosphorus pentoxide, (phosphoric anhydride), P 2 Oj. 
Four oxy-acids of phosphorus are also known :— 
Hypophosphorous acid, IIPH a 0 2 . 

Phosphorous acid, 1 I. 2 PH 0 3 . 

Hypophosphoric acid, 1 I 2 P 0 3 . 

Phosphoric acid, II 3 P 0 4 . 

Phosphoric acid, being the most important of these bodies, 
will, in conjunction with its anhydride, be considered first. 

Phosphorus Pentoxide.—Formula, P 2 0 5 . Moleou- 
lar weight, 140 84 . • 

' 301. Preparation.— Phosphorus pentoxide is readily 

prepared by burnipg phosphorus in excess of air or oxygen. 

Fig. (14. 



To produce this body in large quantity the above apparatus 
is employed (fig. 64). Air is drawn through the apparatus by 
means of an aspirator attached to g, and is thoroughly dried by 
passing through the U-tubei/, filled with pumice moistened with 
sulphuric acid. Phosphorus is burned in the spoon c, sus¬ 
pended in the middle of the globe r;; the anhydride partly col¬ 
lects in e, and part passes over into f which bottle may be used 
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as a storage for the whole of the anhydride prepared. It is 
necessary to keep this bottle well stoppered if the anhydride is 
to be preserved in the pure state. 

302. Properties.— Phosphoric anhydride is a white floe- 
ciilent powder which possesses great attraction for water, pro¬ 
ducing a hissing noise when dropped into that liquid and 
evolving great heat. It in this way forms phosphoric acid :— 

P 2 0 5 + 8H 2 0 = 2H 3 P0 4 . 

Phosphoric Water. Phosphoric 

anhydride. acid. 

Phosphoric Acid.— Formula, H 3 P0 4 . Molecular 
weight, 97 ’ 29 . 

303. —Preparation. —This acid is formed by the combi¬ 
nation of the anhydride with water, and iriay also be prepared 
by heating together phosphorus and nitric acid. The reaction 
with ordinary phosphorus is somewhat violent if tjje heat betoo 
high, so the amorphous variety is to be preferred ; it possesses 
the further advantage that being in the form of a powder it 
offers more surface to the acid. The phosphorus dissolves 
with the evolution of abundant nitrous fumes ; when all has 
disappeared, the following reaction will have occulted. 

P 4 + lOHNOj + HjO = ■1II 3 P0 4 + 6NA 

Phosphorus. Nitric Water. Phosphoric Nitrogen 

acid. acid. trioxide. 

The liquid is then concentrated by evaporation, until it 
attains a temperature of 150 ° C.: the excess of nitric acid is 
thus dissipated, and there remains behind, on cooling, a solid, 
glassy mass of what is termed glacial phosphoric acid. 

304. Properties.— Phosphoric acid is very deliquescent, 
has a sharp, sour taste, and reddens litmus. The acid here 
described is tribasic, but three distinct acids are formed by the 
union of water, in different proportions, with the anhydride. 
To these*acids the following names have been given :— 

PA + H a O = 2HP0 3 Metaphosphoric acid. 

PA + 8H a O = 2HjPO, Orthophosphoric acid. 

PA + 2H a O = H t PA Pyrophosphoric acid. 

Each acid may be dissolved in excess of water, and forms 
its corresponding scries of salts. 
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The tribasic phosphoric? acid is also called orthophosphoric 
acid (‘ right,’ or normal phosphoric acid). If the glacial acid, 
obtained as previously described, be boiled for some time with 
water, the liquid contains orthophosphoric acid. The addition of 
sodium carbonate to this liquid until it has the slightest alka¬ 
line reaction to litmus results in the production of disodic phos¬ 
phate, Na 2 HP0 4 , which is neutral to litmus. On evaporation this 
salt may be obtained in large colourless crystals, and forms the 
sodium phosphate of the shops. If the phosphoric acid solution 
before this treatment be divided into two equal parts, and the one 
rendered thus alkaline, and the two then mixed, the resultant 
salt is the dihydric phosphate, NaAj? 0 4 , strongly acid to litmus. 
The addition of caustic soda to the solution of disodic phos¬ 
phate results in thecrystallising out of the trisodic phosphate, 
Na 3 P0 4 , very alkaline in reaction to litmus paper. 

If a solution of the disodic phosphate be added to silver nitrate, 
a canary ycllowprecipitateof silver phosphate, Ag 3 l’0 4 ,isformed. 
In this case the curious result of the mixture of two neutral 
liquids producing one having an acid reaction is observed. The 
reason is that free nitric acid is formed during the reaction :— 
Na 2 HPO„ -!» 8 AgNO, = Ag 3 P0 4 + 2NaN0 3 + UNO,. 

Sodium Silver Silver Sodium Nitric 

phosphate. nitrate. phosphate. nitrate. acid. 

From lead phosphate precipitated in a similar manner, 
orthophosphoric acid may be obtained by passing sulphuretted 
hydrogen through water in which the phosphate is suspended. 
Lead sulphide is formed, and free phosphoric acid liberated. 
The liquid is filtered, and by evaporation in vacuo , crystals of 
the ortho-acid, H 3 P0 4 , obtained. The phosphates, with the 
exception of those of the alkali metals, are insoluble in water; 
all are, however, soluble in dilute acids, provided the acid does 
not precipitate the metal itself. 

On heating disodic phosphate to redness, the following 
change occurs:— 

2Na a HP0 4 = Na 4 P 2 C 7 + H 2 0. 

Disodic phosphate. Sodium pyrophosphate. Water. 

This pyrophosphate may be, re-dissolved in water, 
and crystallises out in acicular crystals of the composition 
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Na 4 P 2 O 7 ,10H 2 O. This next salt yields a white precipitate with 
silver nitrate of Ag 4 P 2 0 7 : it also forms a lead pyrophosphate, 
Pb 2 P 2 0 7 , from which, by the action of sulphuretted hydrogen 
and subsequent evaporation in vacuo , crystals of pyrophosphoric 
acid, II 4 P 2 0 7 , are obtained. The soluble pyrophosphates are 
stable in solution, but yield ortho-salts on being evaporated. 

If, instead of the disodic phosphate, the mono-salt, 
NaH 2 l’0 4 , be heated, sodium metaphosphate is formed. The 
same change occurs on heating microcosmic salt, Nal INH 4 P0 4 . 

NaII 2 P0 4 = NaP0 3 + II 2 0. 

Monosodic phosphate. Sodium metaphosphate. Water. 

NaHNH 4 P0 4 = Nal’0 3 + H 2 0 + Nil,. 

Microcosmic salt. Sodium metaphosphate. Water. Ammonia. 

This substance in solution in water gives, with silver nitrate, 
a white gelatinous precipitate of silver metaphosphate, AgP0 3 . 
The free acid, 11P0 3 , may be obtained in the same manner as 
the other varieties by the action of sulphuretted hydrogen on 
the lead salt. The glacial acid made by the method previously 
described consists almost entirely of metaphosphoric acid, but 
by boiling with water may be converted into the ortho variety. 

305. Industrial Applications— Bones, bone-ash, and 
mineral phosphates are largely employed as manures in order 
to supply the phosphates required by growing plants. For this 
purpose they are usually treated with sulphuric acid in order to 
convert the calcium phosphate into the acid and soluble salt, 
known as superphosphate of lime, H 4 Ca(P0 4 ) 2 . 

Phosphorus Trioxide.—Formula, P 2 O a (or P 4 0 6 ). 
Molecular weight, 109 T 8 , or 21836. 1 

306. Preparation.— When phosphorus is burned in an in¬ 
sufficient supply of air, this body is formed. The preparation 
may be easily effected by enclosing a piece of dry phosphorus 
in a wide? glass tube arranged with a small tube corked in at 
either end. A slow current of air is drawn through the appa¬ 
ratus by an aspirator, and the phosphorus is gently heated; It 

1 Recent investigations go to show that the formula of this oxide is 
P.0,. See Thorpe on Phosphorous Oxide, Journal of Hu Chemical Society , 

1890. 
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burns with a pale greenish* flame, and phosphorus trioxide is 
deposited in the cooler part of the tube. 

307. Properties. — This oxide is a white, amorphous 
powder, with a smell somewhat resembling that of garlic. On 
being heated in air, it burns to the pentoxide, P 2 0 6 . It is 
without action on litmus paper. It is deliquescent, and forms, 
when acted on by water, phosphorous acid; hence it is commonly 
regarded as the anhydride of that acid, a view which is not at 
present universally adopted. 

Phosphorous Acid.— Formula, H,PHO :( . Molecular 
weight, 81-41. • 

308. Preparation. — When phosphorus is allowed to oxi¬ 
dise in the prcscnce»of moist air, phosphorous acid is produced 
simultaneously with phosphoric and hypophosphoric acids. A 
preferable wa^ of preparing this acid is by the decomposition of 
phosphorus trichloride by water. Phosphorus is, for this pur¬ 
pose, melted under water, and a slow stream of chlorine passco 
into the melting phosphorus: the chloride, as rapidly as formed, 
is decomposed into phosphorous and hydrochloric acids:— 

I’Clj * + 3IT 2 0 = HJ’IIO, + 3HCI. 

I’hospliorus Water. Phosphorous Hydrochloric 

trichloride. acid acid. 

The reaction must be stopped before the phosphorus has 
entirely disappeared, in order to prevent the formation of phos¬ 
phoric acid. The solution is gently evaporated, care being 
taken that the temperature does not rise above 200 ° C. The 
hydrochloric acid is expelled, and deliquescent crystals of phos¬ 
phorous acid arc obtained. 

309 Properties. —This acid has a garlic-like smell, and 
when heated is decomposed into phosphoric acid and phos¬ 
phorated hydrogen, thus:— 

4H 2 PH0 3 = 3HjPO, + PH 3 . * 

Phosphorous Phosphoric Phosphoretted 

acid. acid. hydrogen. 

In most of its salts phosphorous acid acts as a dibasic acid, 
and hence the formula is written HjPHO# the object being 
to indicate that a part of the hydrogen is not replaceable by a 
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base. Although it has not as yet been isolated in the anhy¬ 
drous state, a tribasic phosphite is known, Na 3 P0 3 , while 
well-marked phosphites of organic radicals—as ethyl tri¬ 
phosphite, Et 3 P0 3 —can be obtained as very stable bodies. In 
strictness, therefore, the formula should be written H 3 P0 3 . 
Still, for all practical purposes, so far as inorganic salts are con¬ 
cerned, phosphorous acid yields only two of its hydrogen atoms 
to be replaced by a metal. The phosphites are easily decom¬ 
posed by heat, yielding usually various phosphates and evolving 
hydrogen and phosphoretted hydrogen. 

Hypophosphorous Acjd.— Formula, HPH 2 O a . Mole¬ 
cular weight, 66-53. 

3X0. Preparation.—On heating phosphorus with either 
calcium, barium, potassium, or sodium hydVates, the hypophos- 
phites arc formed, and phosphoretted hydrogen evolved. From 
barium hypophosphite, I>a(PII 2 0 2 ) 2 , hypophosphorous acid may 
be obtained by adding dilute sulphuric acid so long as a pre¬ 
cipitate is formed, and then filtering from the barium sulphate. 
On carefully evaporating, the temperature not being allowed to 
exceed 105 ° F., a viscous liquid is obtained, which at 0 ° 
solidifies into a crystalline mass. 

31I. Properties.—Hypophosphorous acid is possessed of 
only very feeble acid properties, and forms with bases a series 
of salts termed hypophosphites. These bodies, as well as the 
acid itself, are powerful reducing agents, being converted by the 
absorption of oxygen into phosphites. Sodium hypophosphite, 
NaPH 2 0 2 , is now largely used as a medicine. The reason for 
its employment is interesting : phosphorus in certain forms is 
an essential constituent of brain and nerve-tissue. To supply 
any deficiency of this body phosphates have been prescribed; 
but as these represent phosphorus in the highest state of oxida¬ 
tion the pedicinal use of phosphates has been compared to 
feeding a fire with ashes. The hypophosphites, for good or 
ill effect, introduce phosphorus into the system in a compara¬ 
tively unoxidised condition. 

312 , Hypophosphorio Acid, F^PjOs, is of no practical 
importance, and cannot here be further discussed. 
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313. Other Nog-Metallic Elements. —Excluding those 
only very recently discovered, there are two other non-metallic 
elements, selenium, and tellurium; and in addition to these 
many chemists include arsenic among the non-metals. 

Selenium.—This element is, in its general properties, very 
similar to sulphur. It is a hexad in its relations with oxygen, 
and dyad to hydrogen and the metals. Most of its compounds 
are similar in constitution to those of sulphur, and usually also 
in general properties. The element is not sufficiently plentiful 
to warrant further description. 

Tollurium also belongs to the sulphur group, but does not 
resemble that clement so closely as does selenium. Neither 
are its series of compounds so closely analogous to those of 
sulphur. It belongs to the class of rare elements. 

Arsenic.—This element is practically intermediate between 
the non-metals and the metals. It, in fact, forms one of a group 
of elements, tTie extremes of which are respectively undoubted 
non-metals and metallic bodies. This group consists of nitrogen, 
phosphorus, arsenic, antimony, and bismuth. Two of these 
have already been described ; for convenience of description 
arsenic is plated among the metals, hut it should be remem¬ 
bered that its properties are decidedly intermediate between 
the two classes of bodies. 


CHAPTER XXI 

THE METALS 

314. General Characteristics.— The difference between 
the metals and non-metals has already been described in the 
first chapter of this work. The principal points there explained 
are those relating to the physical characters possessed by the 
metallic, as distinguished from the non-metallic class of ele¬ 
ments. The chemical differences between the two classes may 
be summed up in the statement that the oxides of the non- 
metals are usually either acid,-forming or indifferent 
bodies. The metals form a series of oxides which act 
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as bases toward acids. Certain metals, as manganese and 
chromium, yield several oxides; of these, those containing the 
lower proportions of oxygen are basic, while the higher oxides 
possess acid properties. Arsenic, which is viewed as a pseudo- 
metal, yields oxides, the lowest of which is acid rather than basic 
in character: it is this chemical property which leads many 
chemists to place arsenic among the non-metals. The forma¬ 
tion of haloid salts is not of itself sufficient evidence of the 
metallic nature of an clement, because sulphur, phosphorus, 
and other decided non-metals yield chlorides, bromides, and 
iodides. The metals are electro-positive in character, being 
deposited on the negative electrode when their compounds are 
subjected to electrolysis. 

« 

315. Classification of the Metals. - For convenience 
of description and reference, it is well to arrange the metals 
into groups, each group consisting of those metals more or less 
allied to each other. The following is such a classification : 
the names given at the end of each group in italics are those 
of the rarer and less important metallic bodies. 

Class I. Metals of the Alkalies.—Potassium, Sodium, 
Casitim, Rubidium , Lithium (Ammonium). 

The metals of this class are usually regarded as monovalent, 
but yield no single compound of which the molecular weight 
is known. They are very light, soft bodies, possessing when 
freshly cut a bright metallic lustre, but tarnishing rapidly, 
through combination with oxygen. They decompose water at 
ordinary temperatures, with rapid evolution of hydrogen. Their 
oxides, hydrates, and carbonates are soluble in water; the two 
former are strongly basic. The general formula of their oxides 
is M'A and oftheir chlorides M'Cl. (The symbol M is used 
to signify an atom of any metal, and when qualified by a dash 
or number of dashes, M’ or M", that number is indicative of 
the valency of the metal referred to.) 

Ammonium is usually classed, for purposes of description 
of its salts, among the alkali metals. 

Class II. Metals of tho Alkaline Earths.—Calcium, 
Barium, and Strontium. 
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These metals are divalent in their more common and stable 
compounds: there are indications that in some compounds 
they have a higher valency. They decompose water at all 
temperatures, with the disengagement of hydrogen. Their 
oxides unite with water to form hydrates which are more or less 
soluble ; their carbonates are insoluble in water. The oxides 
have the formula M"0 and the chlorides M "Cl 2 . 

Class III. Motals of the Earths. —Aluminium, Glu- 
cinum, Gallium, Yttrium, Erbium, Cerium, Lanthanum, and 
Didymium, 

The metal aluminium is at least trivalent, and if, as probable, 
it forms doubly-linked molecules,»as Al 2 Cl n , the valency must 
be as much as four, and is probably six, as in the oxide A1 2 0 :) . 
This metal decomppses water at high temperatures. Its oxide 
and hydrate are insoluble in water, and their basic character 
much less marked than in the preceding groups. 

Class IV* Zinc Group. —Magnesium, Zinc, and Cadmium. 

These metals are divalent. They are volatile at high tem¬ 
peratures, and may thus be distilled. They burn with a bright 
flame when healed in air. At high temperatures they decom¬ 
pose water. , Their oxides and chlorides are represented 
respectively by the formulae M"0 and M"C1 2 . 

Class V. Iron Group. -Iron, Chromium, Manganese, 
Cobalt, Nickel, and Uranium. 

These metals form more than one series of compounds, in 
which they are respectively di-, tetra-, and hcxavalent. They 
decompose water at a red heat, with evolution of hydrogen, but 
are not themselves volatile at that temperature. Their oxides 
are represented by the formulae M"0,M'',0 ; „ and M vl O : ,; 
they form chlorides having the formulae M"CI S and M’^Cl*. 
Ihc M"^ oxides of this group are acid in character. 

Class VI. Tin Group.— Tin, Titanium, Zirconium, Tho¬ 
rium, Molybdenum, Tungsten, Niobium, Tantalum, Vanadium, 
Arsenic (Arsenicum), Antimony, and Bismuth. 

Of this group tin is tetravalcnt, and in several respects is 
allied to silicon. Its oxide, S 11 O, is basic, but other of its 
compounds are somewhat acid in character. These metals, with 
the exception of arsenic, decompose’water at a red heat. The 
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latter members are usually penfiivalent, their oxides and 
chlorides being represented by M v ./) 5 and M'CI 5 . 

Class VII. Coppor Group.— Copper, Lead, Thallium, 
and Indium 

These metals do not decompose water at any temperature j 
neither are their oxides decomposed by heat alone. Copper 
and lead arc both divalent in most of their compounds; but 
lead in some acts as a tetravalent element. 

Class VIII. Noble Metals.—Mercury,Silver,Gold, Plati¬ 
num, Palladium, Rhodium , Ruthenium , Osmium, and Iridium. 

These metals do not decompose water at any temperature ; 
their oxides are decomposed by heat alone. Mercury is 
divalent, silver monovalent, gold is trivalent, and platinum is 
a tetrad. All their oxides are basic in cha-jctcr. 

316. Periodic Law. —On arranging the elements in the 
order of their atomic weights, commencing with hydrogen, i, 
and concluding with uranium, 239 ' 3 , it may be observed that 
elements of somewhat allied character recur at intervals; 
further, these intervals exhibit considerable regularity, for in a 
number of cases, starting with any element, each successive 
eighth one is found to be a member of the same group ot 
allied elements. This remarkable property was first discovered 
by Newlands, and afterwards independently by Mcndeleeff, 
by whom it was exhaustively examined. The results of this 
investigation may be summed up in the statement that the 
genoral properties of the elements and also their quan* 
tivalence are periodic functions of their atomic weights. 
In obedience to this periodic law, Mendeleeff has.formulated 
the following table of elements showing their arrangement into 
groups as dedubed from periodic recurrence. 

On examining this table it will be seen that the atomic 
weights c 1 follow consecutively when the elements are read along 
the lines from left to right. The groups in vertical columns, 
numbered I, II, MI, &c. contain a number of allied elements. 
Thus,starting from lithium,thealkalimetals—sodium,potassium, 
and others—arc include^ within the same group. The two 

1 The atomic weights are those employed by MondclecfT, and have not 
been corrected to the more recent determinations. c 
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groups, magnesium, zinc, and cadmium, and also calcium, 
strontium, and barium, occur in column No. II. Column III. 
is principally occupied by the rarer metals. . In Column IV. 
we have carbon, silicon, titanium, and tin, all closely allied. 
The fifth column contains the important group, nitrogen, phos¬ 
phorus, arsenic, antimony, and bismuth. Oxygen, sulphur, 
selenium, and tellurium occur in the sixth column ; and in the 
seventh one we have fluorine, chlorine, bromine, and iodine. 
In the eighth column of the table are included Certain elements 
which do not appear to naturally fall into line in the preceding 
arrangement. Thus there are the three elements iron* nickel, 
and cobalt, all much alike and all with very nearly the same 
atomic weight. So, too, there is the groffp of ruthenium, 
rhodium, and palladium, with almost identical atomic weights 
and similar properties. Falling underneath these, in the same 
column, is another closely allied group of elements—osmium, 
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iridium, and platinum—again having very nearly the same atomic 
weights. The two groups—ruthenium group and osmium group 
—are closely allied to each other. It would seem that not only 
is there a similarity between elements whose atomic weights 
recur at certain definite periods in the list of elements, such 
as exist in the vertical groups, but also there are cases of allied 
elements with atomic weights so near as to be almost bracketed 
equal, and which might be all counted together in one space in 
McndclcelTs table. Three metals—copper, silver, and gold — 
have been placed in this loosely classified eighth group and 
have also been tentatively entered in the first column, where, 
probably, their proper place is. It will be noticed that in 
places in the table spaces exist ; these represent instances 
where no elements are known which fit into these vacant spaces. 
At the time when this table was first published by Mendeleef, 
between zinc and arsenic two vacant spaces occurred. With 
regard to the space next zinc Mendeleef described'die hypothetic 
element by which this space might possibly be occupied ; to 
this element he gave the name ekaluminium , and predicated 
its properties and atomic weight. Some years afterwards the 
metal gallium was discovered, and agreed almost exactly with 
Mendeleefs prediction for ekaluminium. The adjoining space 
in the same line is now filled by germanium, which in common 
with scandium was also predicted by Mendeleef and both de¬ 
scribed under the respective names of eka silicon and eka-boron. 
The Faraday Lecture 1889, before the Chemical Society, was 
by Mendeleef on the Periodic Law ; he then referred to the 
possibility of filling other gaps by still undiscovered elements 
in the following words :— 

‘ I foresee some more new elements, but not with the same 
certitude as before. I shall give one example, and yet I do not 
see it quite distinctly. In the series which contains Hg = aoo'5, 
Pb = sp6'9, and Bi = 2o8’9, we can guess the existence (at the 
place VI—11) of an element analogous to tellurium, which we 
can describe as dvi-tellurium, Dt, having an atomic weight of 
2 ta, and the property of forming the oxide Dt 0 3 . If this 
element really exists, it ought in the free state to be an easily 
fusible, crystalline, non-volatile metal of a grey colour, having 
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a density of about 93, capable of giving a dioxide, DtO,, 
equally endowed with feeble acid and basic properties. This 
dioxide must give, on active oxidation, an unstable higher oxide, 
Dt 0 3 , which should resemble in its properties Pb 0 2 and Bi 2 O s . 
Dvi-telhiiium hydride, if it be found to exist, will be a less stable 
compound than even H./fe. The compounds of dvi-tellurium 
will be easily reduced, and it will form characteristic definite 
alloys with other metals.’ 

Time will show to what extent these speculations arc borne 
out by chemical discovery. The periodic law has also been 
of service in determining the atomic weights of elements; 
thus uranium had formerly the atomic weight of 120 assigned 
to it, and would then fall between tin and antimony; being 
out of place there, Jkfcndclceff proposed to double the atomic 
weight, and place it in the sixth column among elements to 
which it isallied. Subsequent determinations of the specific heat 
of uranium cut firmed this view of its atomic weight being 240 

317. Spectrum Analysis— On taking a piece of carbon, 
lime, or other solid and refractory body, and subjecting it to 
the action of # gradually increasing heat, it after a time becomes 
self-luminous, emitting a faint red glow; with an increase of 
temperature the glow increases in brightness and changes 
through various shades of orange and yellow to white. Time 
in this state of brilliant incandescence, as induced by the heat 
of the oxyhydrogen blowpipe constitutes the well known lime¬ 
light. When a powerful electric current is passed through a 
pair of contiguous carbon poles they become so intensely 
heated as to emit light of a violet hue. By passage through a 
triangular prism, a thin beam of white light, from incandescent 
lime cr other similar source, is resolved into abroad rainbow- 
coloured band. This is termed, in physics, a spectrum. An 
examination of the spectrum from a lime-light shows Jhat it is 
continuous. At the one end there is the deep and scarcely 
luminous extreme red (this is the end of the spectrum which 
has been bent the least), while at the other end is the violet, 
also dying away into non-luminosity. Between them lie all 
the well-known colours of the spectrum. If, by means of proper 
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apparatus, the lime-light spectrum be observed from the first 
appearance of luminosity as the result of heat, it will be found 
that at first the red end of the spectrum is visible; with an 
increase of temperature the spectrum extends, until at last, at 
the highest temperature, the violet extremity is reached. The 
electric arc light, which is usually more intense than the lime¬ 
light, shows a more brilliant violet end to the spectrum. All 
solid substances whon intensely ignited emit light 
which affords a continuous spectrum. 

But if, instead of examining the light of solid substances, 


t'a. (y 



we turn our attention to that emitted by flames consisting of 
ignited gases, a totally different appearance is observed. For 
the purpose of such systematic examination an instrument 
termed a, spectroscope is employed Fig. 65 shows one of 
the simpler forms of this apparatus. On the left-hand side is 
shown the flame of a bunsen lamp, into which a small platinum 
spoon projects. If a small fragment of common salt be placed 
in this spoon the flame acquires the well-known yellow sodium 
tint. The three tubes and glass prism fixed on an iron stand 
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constitute the spectroscope. The tube a is arranged facing the 
flame, so that its end b receives the light. At this end, b, is 
fixed a narrow slit whose width can be regulated at will; a 
narrow vertical strip of light is thus focussed on the prism /, 
bent on its passage through it and then examined by the tele¬ 
scope B, If a lime-light were in the place of the bunsen flame, 
a continuous spectrum would be observed through the telescope. 
But with a bunsen flame treated with sodium, nothing is visible 
but two narrow bright lines in the yellow part of the spectrum. 
In the coloured plate given as the frontispiece, No. 1 is the 
continuous spectrum of such a light as the lime-light; and No. 2 
is the spectrum of sodium vapoui? Tho vapours of different 
elements when incandescent give in every case inter¬ 
mittent or lino spectra, some of which arc very simple, as 
sodium or hydrogen, while others are somewhat more com¬ 
plicated. But tho spoclrum of every element is charac¬ 
teristic of itself. The sodium lines cannot be shifted in 
position by any increase of temperature. Neither can any 
other element be caused to give lines in the same position. 
Sodium, potassium, strontium, barium, thallium, indium, and 
other elements yield very characteristic spectra. These may 
be recognised by the number and position of the lines, which 
are under the same conditions constant for the same element. 
Metals which arc incapable of volatilisation by the bunsen 
flame are volatilised by passing an electric spark from a power¬ 
ful RuhmkorfT coil between wire terminals of the metal 
under examination. The third tube, c, in the figure contains 
a small scale, which is also observed simultaneously with the 
spectrum through the telescope b ; the object of this scale is 
to definitely map out the spectrum and state at what part of it 
each particular line observed occurs. This Instrument is of 
great service in the laboratory as a means of detecting the 
presence of many metals, especially the rarer ones in substances 
under analysis. The examination of a fragment in this 
manner reveals at once the presence of such metals as may 
be in the substance, not only thus avoiding very tedious means 
of separation and recognition but eyen detecting several which 
are unrecognisable by other means. Since the application of 
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the spectroscope to purposes of analysis, the following new 
elements have been discovered through its instrumentality— 
caesium, rubidium, thallium, indium, and gallium. 

But not only can spectroscopic analysis be applied to the 
study of substances we can handle, but also light from any 
source can thus be examined, and the constitution of the body 
investigated. Spectra Nos. 5 and 6 on the plate are spectra of 
hydrogen under respectively high and low pressure ; Nos. 8, y, 
and to are spectra of, respectively, a nebula, star, and the sun’s 
chromosphere: each exhibits the characteristic lines of hydrogen. 
As these lines are only known to be caused by hydrogen, the 
obvious inference is that the presence of hydrogen is thus 
demonstrated in these three astronomical bodies. 

We now come to another remarkable type of spectra ; the 
whole of those hitherto mentioned are produced by the emission 
of light from various bodies. Students of physics are well 
aware that the phenomena of radiation and absorption are 
reciprocal ; substances which are good radiators are good 
absorbers, and vice versa. Now glowing sodium vapour emits 
two bright lines in the yellow part of the spectrum : when 
the light of a continuous spectrum is passed thr* ugh sodium 
vapour, it, the vapour, absorbs light of the same character as 
it ordinarily emits. So, that if when viewing the spectrum of 
incandescent lime (lime-light) the bunsen flame charged with 
sodium vapour be interposed, it cuts off the light in the yellow 
part of the spectrum, and two dark lines appear in exactly 
the same position as the bright ones of the ordinary emission 
sodium spectrum. This reversed spectrum is termed an 
absorption spectrum : all olomontary vapours are com¬ 
petent to produeo absorption spectra corresponding 
with their ordinary emission spectra. This fact is of 
enormous interest; for on carefully observing the spectrum 
of sunlight it is found not to be continuous, but to be crossed 
by a number of dark lines, which are constant in position and 
appearance. These lines arc named after their discoverer, 
Fraunhofer’s lines. These lines of Fraunhofer exactly coincide 
with those of the absorption spectra of hydrogen, sodium, 
and many other elements. The sun is known to consist of an 
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intensely heated solid or liquid centre, surrounded by an 
envelope of incandescent vapour. The absorption bands of 
his spectrum are doubtless due to the elements existing in the 
gaseous state in the sun’s atmosphere. As a result of this 
method of research, no fewer than thirty-two metals have been 
detected in the sun. 

318. Causes which modify chemical action.— Prior 

to a detailed description of the metals it will be well to explain 
some of the causes by which the course of chemical action 
may be considerably modified or even arrested. An acquaint¬ 
ance with the laws governing the influence of mass, and other 
such matters, will throw light on many chemical changes other¬ 
wise only understood with great difficulty. 

3x9. Influence’ of surface and solubility.— Chemical 
activity is greatest with substances in a fine state of division; 
thus finely divided iron inflames spontaneously on exposure to 
air. This depends on the fact that the surface is larger com¬ 
pared with the mass when the state of division is extremely 
fine. 

Solubility has already been explained as being necessary for 
continued chemical action. The concentrated acids are fre¬ 
quently without action on substances when their diluted forms 
are most active. This is frequently due to the insolubility in 
the acid of the result of the chemical action. 

320. Influence of volatility. —Instances of this have 
already been given; others will occur in the remainder of this 
work. Boric and silicic add are such feeble oxides that they 
may be displaced at ordinary temperatures by even carbonic 
acid. At high temperatures, owing to their non-volatility, they 
displace the strongest volatile acids; thus sfllphates may be 
decomposed by either boric or silicic acid. At high tempera¬ 
tures fixed substances are usually able to displace those 
which are volatile, even though the latter may normally 
possess greater chemical activity. 

321. Influence of mass. -Potassium carbonate is con¬ 
verted into the nitrate and sulphate Yespeclively by the addition 
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of nitric and sulphuric acids. If these acids be added in 
excess of the quantity necessary to combine with the whole of 
the potassium, the question arises, how will the potassium be 
distributed between the two acids ? It is generally admitted 
that each will be in combination with a portion of the base, 
but will the addition of more of either of the acids affect the 
proportion of the base which is in combination with that acid. 
In other words, does the mass of each reagent have any effect 
on the amount of combination effected by it (in this instance, 
the production of sulphate or nitrate, as the case may be), excess 
of the reagent being throughout understood ? This problem has 
been investigated both theoretically and practically; with the 
following as the most important conclusion— tho proportions 
in which any one body is divided between others in the 
Bamo solution, for which it has an attraction (soluble sub¬ 
stances being formed in each case) depends partly upon the 
strength of the mutual attractions of the Components 
for each other, and partly also upon the mass or relative 
proportion of each compound which is present in the 
mixture. 

The following is another effect due to the ( influence of 
mass. Through a dilute solution of antimony chloride, SbCl 3 , 
the passage of sulphuretted hydrogen causes the precipitation 
of antimonious sulphide, and liberation of hydrochloric acid. 
On the other hand, when the sulphide is treated with concen¬ 
trated hydrochloric acid, decomposition is caused, the chloride 
being formed and sulphuretted hydrogen liberated. In this 
case, supposing the antimony chloride to be dissolved in a 
small quantity of hydrochloric acid, on passing sulphuretted 
hydrogen it is impossible for the chloride to come in contact with 
as large a proportion of sulphuretted hydrogen molecules as with 
those of hydrochloric acid. But if water be gradually added, 
the passage of sulphuretted hydrogen being continued, the 
mass of hydrochloric acid in any unit of volume is diminishing, 
but that of sulphuretted hydrogen is being maintained. When 
the hydrochloric acid mass is rendered sufficiently small 
relatively to that of sulphuretted hydrogen, precipitation of 
antimony sulphide commences. 
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It has already been pointed out how bodies arrange them¬ 
selves when three are mixed together, between which two 
soluble compounds can be formed. When solutions of two 
soluble salts are mixed, so as to give two bases and two acids, 
which may form four salts, all of which are soluble, the 
strong acid usually unites with the strong base, and the 
weak acid with the weak base, but more or less of each possible 
combination is probably present. Thus the mixing of sodium 
bromide and potassium chloride in solution will probably 
result in the simultaneous existence in the solution of sodium 
bromide and chloride and potassium bromide and chloride. 
The proportion of each will depend on the strength of their 
mutual attraction and the mass of each present in the mixture. 

322. Influence of removal of bodies from the arena 
of chemical action. —We next come to the consideration of 
the problem of what will occur when on the mixture of two 
salts, the formation of one insoluble compound is possible. In 
nearly all such cases, the insoluble compound is formed and 
precipitated. Thus barium chloride and copper sulphate on 
being mixed jp equivalent quantities result in the precipitation 
of barium sulphate. 

BaCl, + CuSO, = IlaS 0 4 + CuCl 2 . 

Barium Copper Barium Copper 

chloride. sulphate. sulphate. chlonde. 

Again silver sulphate and hydrochloric acid produce the 
following reaction, although sulphuric is the stronger add. 

AgjSO, + 2 HC 1 = 2 AgCl + H 2 S 0 4 . 

Silver Hydrochloric Silver Sulphuric 

sulphate. acid. chloride. acid. 

In many of these cases the reaction is not, however, 
absolutely complete, for if silver nitrate and sodium chloride 
be mixed in their equivalent proportions, a solution ij formed 
in which the addition of an excess of either salt forms a pre¬ 
cipitate of silver chloride. This is due to the fact that minute 
quantities of both reagents may co exist in dilute solutions. 
The addition of excess of either causes the complete precipita ¬ 
tion of the other. 
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There arc a number of oilier problems of very much the 
same nature as those just described ; to the whole of these the 
following law is generally applicable. When in any chemical 
action, tho formation is possible of a body which, 
through insolubility, volatility, or other property, is 
readily withdrawn from tho arona of chemical action, 
the formation of that body usually occurs. This is ex¬ 
emplified in the precipitative changes just described. Owing 
to insolubility, the precipitated body forms and is removed 
from the sphere of chemical action. This is not in contra¬ 
diction to the law which causes acids and bases, when mixed, 
to divide themselves betwe'en each other until there is an 
equilibrium, depending on the relative proportions of chemical 
attraction and mass, but really is a necessary consequence of 
it. It has been pointed out that sulphuric and nitric acids will 
divide potassium between them in solution. Both being in 
excess, why should they not divide barium in'the same way 
between them, forming a certain proportion of the sulphate 
and nitrate, instead of entirely forming barium sulphate? The 
question may be best answered by a supposition regarding the 
potassium nitrate and sulphate. Suppose the Mixture is such 
that equilibrium is effected by there being equal numbers 
of molecules, say sixteen, of each salt in the unit volume of 
solution. Let the sixteen molecules of potassium sulphate 
suddenly become insoluble and be precipitated, equilibrium no 
longer exists in the solution; there is at once a tendency for the 
remaining sixteen molecules of nitrate to divide their potassium 
and form eight molecules each of nitrate and sulphate; but 
as soon as formed, this sulphate, if insoluble, would also be 
precipitated, and thus the number would again be halved until 
at last one atonl only of potassium would remain in solution; 
assuming that this changed once from the nitric to the 
sulphur*: acid it would at once be precipitated and also 
removed from the sphere of chemical change. Precisely the 
same effect is produced by any other agency which tends to 
remove any one of the bodies which may be formed. If it is 
volatile at the temperature, any of it which is produced 
immediately volatilises, the tendency to produce equilibrium 
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results in the formation of some more of the compound, and 
that is volatilised in turn. If the temperature be such that 
one of the salts slowly crystallises out, that change occurs 
and the salt is gradually formed, until the whole of the body 
is thus removed. The slow formation of calcium oxalate and 
other crystalline precipitates is one illustration of this. 

The removal from the arena of chemical action may be 
effected by actual bodily translation of one of the reagents. 
Thus if ferric oxide be heated in an atmosphere of hydrogen, 
a small quantity of iron is reduced, with the formation of steam. 
This reaction does not, however, proceed far, for only a small 
quantity of water and hot iron caS co exist. But if a current 
of hydrogen be employed, the whole of the iron may be re¬ 
duced, because the steam is at once carried away out of the 
region of attraction of the iron. On the other hand, if iron 
be heated in an atmosphere of steam, iron oxide and hydrogen 
are formed; the reaction is not, however, complete, for before 
its close the iron oxide and steam would react on each other. 
But in a current of steam the whole of the iron is oxidised, and 
the oxide thus formed has no opportunity of coming again in 
contact with hydrogen. 

323. Influence of pressure and motion.—When 

chemical combination is accompanied by diminution in volume, 
the effect of pressure is found to favour such chemical com¬ 
bination. The most striking examples of the effect of pressure 
are found in the study of the composition of rock forming 
minerals, where enormous pressure results from the weight of 
superincumbent strata. Experiments have recently been made 
in which chemical action has been studied under a pressure of 
7,000 atmospheres. The result is that not oRly are powders 
compressed into coherent solids, but even mixtures of bodies 
have united to form definite compounds. This is doubtless 
an effect of the bringing molecules into more intimate contact 
than is possible at ordinary pressures. 

Movement at times favours chemical action ; thus certain 
crystalline substances form more rqadily in liquids that are 
being stirred- as, for example, potassium tartrate. On the other 
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hand, with very unstable bodies, motion, especially when it is 
of the nature of a sudden shock, may result in their decomposi¬ 
tion. Chloride and iodide of nitrogen may be thus decomposed, 
and it has recently been shown that the shock of the detonation 
of a fulminating substance may effect the decomposition of 
carbon disulphide. 

324. Catalytic action. —There are a number of chemical 
reactions in which the presence of a certain substance materially 
assists the reaction, and yet that substance itself remains un¬ 
changed at the end of the action in which it has been of service. 
A very familiar instance is* that of the effect of manganese 
dioxide on potassium chlorate, which in its presence is decom¬ 
posed at a much lower temperature. In. explanation of this 
phenomenon, Liebig introduced what has been called the 
catalytic hypothesis. He ingeniously assumed that an un¬ 
stable body during the act of its decomposition was capable 
of assisting at least in effecting the decomposition of other 
bodies. The physical act of the dissociation of the molecule 
of the one substance, resulted in giving the disruptive blow to 
the already tottering molecular edifice of another somewhat 
more stable body. The fermentative action of yeast was one 
of those changes thus explained by Liebig, yeast being the 
unstable substance which in its decomposition overthrew like¬ 
wise the sugar molecule, the debris of the latter being alcohol 
and carbon dioxide. This hypothesis was overthrown when 
yeast was shown to be an organism, which decomposed sugar 
as one of its vital functions. Similarly the catalytic hypothesis 
is being abandoned in the case of other somewhat obscure 
chemical reactions. Thus in the case of manganese dioxide, 
there is every‘probability that certain more highly oxidised 
compounds of manganese are formed from the potassium 
chlorate^ which again undergo decomposition, and thus these 
bodies act as 1 carriers ’ of oxygen from the chlorate to the free 
state. The function of nitric oxide as an oxygen-carrier in the 
manufacture of sulphuric acid has already been explained. If 
the formation and reduction of the peroxide happened to be 
chemical changes which were difficult of detection, this would 



The Alkali Metals 


317 

be a very striking example of so-called catalytic action. The 
phrase catalytic action may generally be interpreted as meaning 
an obscure chemical change imperfectly understood. 

325. Influence of temperature. - In most cases there 
is a range of temperature within which chemical action between 
bodies occurs most readily. Thus at ordinary temperatures, 
oxygen and mercury do not unite ; but at about 370° C. the two 
combine to form mercuric oxide, which at a higher temperature 
is again decomposed. It is only therefore within a compara¬ 
tively narrow limit that combination of these elements is 
practicable. All bodies at a snfficjpntly low temperature seem 
unable to combine ; on the other hand, provided the tempera¬ 
ture be sufficiently high, dissociation of all compounds would 
most probably occur." 


CHAPTER XXII 

THE AI.KAt.I METALS 

Potassium.--Symbol, K. Atomic weight, 38 - 86 . 
Specific gravity, 0 - 865 . Melting-point,, 62 - 5 ° C. 

326. Occurrence.— This metal does not occur in the 
free stale, but is a widely diffused constituent of granitic and 
similar rocks, in which it is found as a component of insoluble 
silicates such as felspar and mica. 

327. Preparation. —Potassium was first prepared by the 
electrolysis of fused potassium hydrate. The metal may also 
be obtained by reducing potassium hydrate withjron filings at a 
white heat. 

328. Manufacture.— Potassium is now almost universally 
obtained by reducing its carbonate by the action of carbon at 
high temperatures. For this purpose an intimate admixture of 
the carbonate and carbon is obtained by heating such a salt as 
potassium tartrate. (Many organic stjlts are thus decomposed 
with evolution of volatile matters, leaving a residue of the 



318 Text-Book of Inorganic Chemistry , 

metal as carbonate, and the excess of free carbon which was 
combined in the salt.) The mixed material is placed in a 
retort, which conveniently may consist of one of the iron bottles 
(b, fig. 66), in which mercury is imported. 

The mercury bottle is placed in a furnace, cc; to its neck is 
attached a short iron tube, d, by which it is connected with a 
shallow receiver, e. This receiver is shown on a larger scale on 


Kit;. (A 



the right-hand side of the figure ; it consists of two thin iron 
plates which are fastened together with screw cltflnps. The re¬ 
ceiver is made in this fashion to permit of the ready cooling of 
the potassium vapour. On heating the retort to whiteness, the 
following change occurs :— 

K a C 0 3 + 2 C = 2 K + 3 CO. 

Potassium Carlton. Potassium. Carbon 

carbonate. monoxide 

The potassium condenses in the liquid form in the receiver 
and after solidification is transferred to a vessel containing 
mineral naphtha. Potassium combines readily with carbon 
monoxide to form an explosive compound, hence it is neces¬ 
sary to re-dist.il it and thus free the metal from this body. 

329* Properties. —Potassium is a silvery-white metal, 
which, however, tarnishes immediately on its surface being ex¬ 
posed to the atmosphere. A t ordinary temperatures it is soft, and 
two cut surfaces may, by a little pressure, be welded together. 
At 0° C. it becomes cfystalline and brittle. The melting- 
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point of this metal is 62-5°, and at a red heat it boils, with 
the production of a green vapour. Potassium burns in air or 
oxygen, with the production of a violet-coloured flame. This 
metal has such an attraction for oxygen as to cause it to decom¬ 
pose water, and also most other liquid and gaseous oxygen-com¬ 
pounds. It is the most electropositive element known, with 
the exception of the rare metals catsium and rubidium. The 
attraction of potassium for oxygen necessitates its being kept 
under an oxygen-free fluid such as naphtha (a compound of 
carbon and hydrogen). Potassium combines readily with chlo¬ 
rine and the other halogens. It is one of the most powerful 
reducing agents known. 

Metallic potassium is blit little used in the industries, as 
sodium possesses much the same properties in a far more 
manageable form. 

The following is a description of the most important potas¬ 
sium compounds:— 

330. Potassium Chloride, KC 1 .— This salt occurs in 
combination with magnesium chloride at Stassfurt, Germany, 
where it forms large beds, deposited over a stratum of rock salt. 
The chloride tuny also be produced by the action of hydrochloric 
acid on the carbonate. Potassium chloride forms cubical 
crystals, is soltfblc in water, and very deliquescent. The salt 
is employed in the preparation of potassium alum, K-AUSOj),. 

331. Potassium Bromide, KBr. This salt may be 
prepared by decolourising bromine by the addition of a solution 
of potassium hydrate, evaporating, and igniting to decompose 
the bromate thus formed. The salt is used both in medicine 
and for photographic purposes. 

332. Potassium Iodide, KI.— This salt is prepared in a 
similar manner to the bromide. It is very soluble in water; 
and its solution is a ready solvent for iodine. Potassiuip iodide 
is largely employed for medicinal purposes. 

The halogen salts of potassium are devoid of water of 
crystallisation. When the crystals of any compound contain 
water, the fact will be indicated in the formula placed at the 
head of paragraph 



320 Text-Book of Inorganic Chemistry , 

333. Potassium Oxides.— Ti«ro oxides of potassium are 
known, K 2 0 , and K 0 2 , the latter being formed when the 
metal is heated in dry air or oxygen. The peroxide, K 0 2 , on 
being fused with potassium, yields the normal oxide, K 2 0 . 
These bodies have a great attraction for water, with which they 
combine, yielding the hydroxide or hydrate, KI 10 , known also 
as caustic potash. (The decomposition of the peroxide by 
water is accompanied by evolution of free oxygen.) 

334. Potassium Hydrate, KHO.— The great readiness 
with which the oxide combines with water causes this, the 
hydrated oxide, to be by far the more familiar form of the base. 

Preparation.—On dropping potassium into water potas¬ 
sium hydrate is produced and dissolved : from this solution it 
may be obtained by evaporation. • 

The more usual method of preparation depends on the fact 
that potassium carbonate is decomposed by calcium hydrate, 
according to the following equation 

K a C 0 3 + Ca(HO),' ^ 2 KII 0 + CaC 0 3 . 

Potassium Calcium Potassium Calcium 

carbonate. hydrate. hydrate. carbonate. 

To a solution of potassium carbonate, lime jg added, until, 
after the subsidence of the insoluble calcium carbonate, the 
clear liquid gives no effervescence on treatment with hydro¬ 
chloric acid. This shows that potassium carbonate no longer 
remains in solution. The clear supernatant liquid is decanted 
and evaporated in an iron or silver basin, and then heated 
nearly to redness. The resultant liquid is either poured on to 
a slab and allowed to solidify, or into cylindrical moulds and 
thus cast into sticks. 

Properties.—Potassium hydrate is a yellowish or greyish- 
white substanc® having a great attraction for both water and 
carbon dioxide. The solution feels slippery to the touch, and 
possesses great detergent (cleansirg) properties. These are 
largely due to its solvent power on fats and oils, with which it 
combines to form the substances known as soaps. Potassium 
hydrate dissolves albuminous matters, and thus exercises a sol¬ 
vent action on the skin, which causes it to be a most powerful 
caustic, A concentrated solution of potash slowly attacks glass 
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and so frequently ‘ sets ’ the stoppers of bottles in which it is 
stored. It is almost the most powerful base known, and 
neutralises all acids. The following table shows the strength 
of caustic potash solution of various densities :— 


Density 

KHO in 100 
parts 

Density 

KHO in 100 
parts 

Density 

KHO in too 
parts 

x-oj6 

5 

1-288 

30 

1-604 

55 

1-077 

xo 

1J49 

35 

1-667 

60 

1-124 

■s 

I- 4 II 

40 

1-729 

65 

,-, 75 

20 

1-475 

45 

1790 

70 

I’230 

25 

I '539 

50 
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Potassium hydrate is used in the laboratory as a reagent, 
and also for the drying of gases and the absorption of carbon 
dioxide. Soft soap is manufactured from a solution of caustic 
potash. 

» 

335. Potassium Carbonate, K 2 C 0 3 .— On the applica¬ 
tion of heat, organic substances containing potassium leave a re¬ 
sidue of mineral matter, in which the potassium occurs as the 
carbonate. Hence, on the burning of wood, the ashes are found 
to contain potassium carbonate in large quantities. 

Preparatiqn.—Formerly, wood-ashes were practically the 
only source of this salt. Wood is collected in piles and burned. 
The ash is treated with water, and the soluble portion separated 
and evaporated to dryness; the residue constitutes the ‘potashes’ 
of commerce. On re-dissolving ‘ potashes ’ in a small quantity 
of water, then separating by filtration from the less soluble salts, 
and once more evaporating and calcining, a purer form 01 the 
carbonate is obtained, known as ‘pearl-ash.’ 

At present, potassium carbonate is being ob^oned from the 
German and other potassium chloride deposits, by the same 
process as that employed for the manufacture of sodium car¬ 
bonate, and described under ‘ Sodium Carbonate.’ * 

Pure potassium carbonate is generally obtained from one of 
the organic salts, acid potassium tartrate being most convenient 
This is purified by crystallisation and then heated to redness in 
a platinum vessel, when a mixture of the carbonate and char 

v 
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coal remains. On treatment with water, filtration, and evapo¬ 
ration, pure potassium carbonate is obtained. 

Properties. —Potassium carbonate is a white, very soluble, 
and deliquescent salt. It is insoluble in alcohol, and so is fre¬ 
quently used in order to remove water from that substance. 
Dry potassium carbonate and the spirit are shaken up together; 
after a time the caibonate falls to the bottom, carrying with it 
the water and forming there an oily-looking layer. Potassium 
carbonate has a strongly alkaline reaction and, like the hydrate, 
is a powerful detergent. It melts at a red heat and then 
possesses the property of attacking silicaand silicates ; its carbon 
dioxide is evolved and potassium silicate formed. 

Industrial Applications.—Potassium carbonate is one of 
the most important of the potassium salts ; it is employed in 
the manufacture of glass, soft soap, and for the preparation of 
many other of the potassium compounds. 

Acid Potassium Carbonate, KHC0 3 . -This body, 
termed also bicarbonate of potash, is formed by passing carbon 
dioxide through a concentrated solution of the normal carbonate. 
Being much less soluble, it separates out as a white powder. 
The hydric carbonate is neutral to turmeric, though slightly 
alkaline to litmus; it evolves carbon dioxide on being heated. 

336. Potassium Sulphate, K 3 S 0 4 .— This salt is formed 
by the action of sulphuric acid on the chloride. It is soluble 
in water to the extent of one part in twelve. 

Acid Potassium Sulphate, KHS0 4 .— 'This salt is much 
more soluble than the normal sulphate; it occurs as a bye- 
product in the manufacture of nitric acid from potassium nitrate. 

337. Potassium Nitrate, KN 0 3 .— This very important 
salt of potassium, known also as nitre or saltpetre, occurs as an 
efflorescence of small acicular crystals on soils charged with 
organic matter, especially in warm climates. It is thus pro¬ 
duced fjy a process of oxidation of nitrogeneous matter, usually 
of animal origin, which the soil contains. This formation of 
potassium nitrate is termed 1 nitrification,’and is a specific result 
of the action of certain species of bacteria. 

Preparation. —In addition to the collection of nitre thus 
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naturally formed, its production is artificially cultivated by 
the employment of what are called nitre plantations. A bed 
of clay or non-porous soil being chosen there is built on it a 
mound of loose chalky soil; this is kept moistened with urine 
and liquid stable manure. Gradually the organic matter is 
oxidised and nitric acid formed, which in part occurs in com¬ 
bination with the potassium also present, and in part as calcium 
nitrate. These changes are found to prevail more readily in the 
soil of old plantations than of new—a consequence, doubtless, 
of the former being charged with the nitrifying organism which 
at first is comparatively scarce in the new soil. Periodically, 
the soil is lixiviated and the aqueous solution of nitrates thus 
obtained is treated with potash; this precipitates calcium carbon¬ 
ate, and nitre remains in solution. Crude saltpetre is obtained 
from this liquid by’crystallisation. Its purification is effected 
by dissolving the salt in as little hot water as possible : nitre, 
being very sokible, is thus separated from sodium chloride and 
other impurities which remain undissolved. This liquid is then 
allowed to crystallise ; if small crystals are required, it is con¬ 
tinually stirred while cooling; if large, the liquid is allowed to 
remain at res^ 

Properties.— Potassium nitrate readily crystallises in long 
hexagonal prisjns, which are not deliquescent, but which dissolve 
readily in cold and still more so in hot water. The salt melts 
at 358° C. without decomposition, but on being more strongly 
heated is reduced to the nitrite with the evolution of oxygen, 
Owing to the readiness with which oxygen is evolved, potassium 
nitrate constitutes a most valuable oxidising agent: paper dipped 
in its solution and allowed to dry burns readily away with a 
smouldering flame and is known as touch-paper. When a little 
is mixed with charcoal and the two heated, deflagration occurs. 
The principal uses made of nitre are in the preparation of nitric 
acid and the manufacture of gunpowder. 

338. Gunpowder.—This very familiar body is a mixture 
of nitre, charcoal, and sulphur. It takes fire readily, and 
burns with explosion. The oxygen necessary for the combustion 
of the charcoal and sulphur is supplied by the nitre; hence this 

vs 
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mixture can burn not only in air, but also under water, or in 
any air-free cavity. The explosion of gunpowder is used in 
guns for the propulsion of the bullet or other charge. A special 
form of gunpowder is also used in quarries and mines for ‘ blast¬ 
ing’ rocks asunder : holes are bored in the rock and filled with 
the powder, which is carefully rammed down, and then fired by 
means of a safety-fuse. With the explosion, the rock should 
be split up into comparatively large masses. Gunpowder some¬ 
what varies in composition, but approaches approximately to a 
mixture of one atom of sulphur and three atoms of carbon to 
two molecules of nitre, as illustrated in the following table :— 


Nitre 

2 KNO°= 

200-86 — 74'8 per cent. 

Sulphur 

S 

3 r8 3 n '9 „ „ 

Charcoal 

oC 

3573 -3 3 » »» 



268-42 T 00*0 


The gaseous products of combustion consist principally of 
carbon dioxide and nitrogen ; while the potassium and sulphur 
combine with a portion of the oxygen, and thus produce potas¬ 
sium sulphate ; considerable quantities of potassium carbonate 
are also formed. These latter bodies constitute the white smoke 
caused by the explosion of gunpowder. The reaction is com¬ 
plicated, and is affected by the proportions of ingredients in the 
powder used, and the conditions under which it is exploded. 

339. Other Potassium Salts.— Among these may be 
mentioned the potassium sulphides, K 2 S 2 and others. It is 
doubtful whether the normal sulphide, K„S, can exist. Potas¬ 
sium combines with sulphur in a number of different proportions, 
forming a series of polysulphides from K 3 S 2 up to K 2 S s . These 
bodies are soluble in water, and on treatment with an acid, 
evolve sulphuretted hydrogen and deposit sulphur. Potassium 
hydrosulphide, KHS, is obtained by saturating a solution of the 
hydrate with sulphuretted hydrogen. 

Potassium chlorate has been already described. 

Potassium silicate is produced by fusing silica together 
with potassium carbonate. This salt is now being used in the 
manufacture of soap. 
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Sodium. --Symbol, Na. Atomio weight, 22-83. 
Spooifio gravity, 0-072. Helting-point, 07-8° C. 

340. Occurrence.— Sodium in combination occurs plen¬ 
tifully in nature, being a constituent of many minerals. It is, 
however, principally found as sodium chloride in sea-water, 
and also as such in the enormous beds of rock salt situate and 
worked in Cheshire and elsewhere. 

341. Preparation.—Sodium is prepared by methods 
similar to those adopted in the case of potassium; thus the 
electrolysis of the fused hydrate yields the metal, although 
somewhat less readily than potassium is liberated in the same 
manner. 

342. Manufacture— The carbonate of sodium, like that 
of potassium, is decomposed by carbon at a white heat, and 
in this manner sodium is manufactured. Ordinary soda-ash 
(a commercial carbonate), powdered charcoal, or small coal, 
and chalk are ground together into a very fine powder This 
mixture is made into a paste, dried, broken into small lumps, 
and introduced into an iron retort coated with clay on the 
outside, and ‘provided with a door at each end. The retorts 
are arranged in series in a furnace, so that both ends project; 
the doors are securely fastened to the open ends, and the 
sodium vapour condenses in a receiver arranged for its reception, 
and similar to that employed for potassium; from this receiver 
the liquid metal drops into vessels of petroleum placed under¬ 
neath for that purpose. It is melted under petroleum and cast 
into bars. 

The object of the chalk is to prevent the heated mixture 
from becoming sufficiently liquid to permit of the separation 
of the charcoal and sodium carbonate. Sodium does not form 
an explosive compound with carbon monoxide, and so its pre¬ 
paration is far less dangerous than that of potassium. • 

343. Properties.— Sodium is a metal exhibiting when 
freshly cut a silvery white lustre; its melting-point is higher 
than that of potassium, but its boiling-point is somewhat lower. 
Sodium and potassium in their properties, and also those of 
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their compounds, closely resemble each other. The former 
metal is very nearly, but not quite, as active a chemical agent 
as potassium, and is extensively employed as a reducing agent. 
In order to preserve it from oxidation, sodium is usually kept 
underneath mineral naphtha, or some other liquid hydrocarbon. 
Sodium decomposes cold water, with evolution of hydrogen, 
but does not usually take fire. 

344. Industrial Applications.—Sodium is largely used 
in the preparation of metallic magnesium and aluminium. 
The quantities manufactured for this purpose cause sodium to 
be a comparatively cheap substance. 

345. Sodium Chloride, NaCl.— This substance, known 
also as common salt, is found plentifully in nature, both in the 
solid state in beds of rock salt and in solution in sea-water. 
Smaller quantities of sodium chloride are found in the water of 
rivers, while traces are almost everywhere present in the air. 

Preparation.—Pure sodium chloride is prepared by pass¬ 
ing hydrochloric acid gas into a saturated solution of common 
salt. As the solution becomes acid the sodium chloride is 
deposited, and magnesium chloride and other imparities remain 
in solution. 

Extraction.— Salt is obtained by evaporation of sea-water, 
from which it crystallises, leaving behind the mother liquor or 
bittern from which bromine is extracted. More frequently in 
this country salt is obtained from the various rock salt deposits; 
water is allowed to flow through these, after which it is pumped 
to the surface as a saturated brine and then separated by 
crystallisation or evaporation. Large quantities of rock salt 
are also raised in the solid state. 

Properties.'—Sodium chloride is a soluble substance with 
a pleasant saline taste. It occurs in crystalline masses, some¬ 
times containing well-defined colourless cubical crystals of 
considerable size. Salt melts at a red heat, and at high tem¬ 
peratures may be volatilised. One part of salt is dissolved by 
about three parts of cold water, and slightly less of hot water. 
The solution, known as brine, is a very powerful antiseptic. 

Industrial Applications.— Salt is largely used as a con- 
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diment, and also for the preservation of meat. For this pur¬ 
pose it is now being superseded by Appert’s process of preser¬ 
vation, which consists of heating the meat so as to destroy all 
germs of putrefaction, and then hermetically sealing in tins. 
All tinned foods are prepared in this manner. Salt is also used 
for the purpose of producing a glaze on common earthenware ; 
and as a source of the other sodium salts, chief among which 
is sodium sulphate, which in its turn becomes the source of the 
carbonate and hydrate. 

346. Sodium Sulphate, Na 2 S 0 4 ,ioH s O.— Sodium sul¬ 
phate is found native in the mineral Thdnardite ; but almost all 
which finds its way into commerce is prepared from the chloride. 

Preparation.— J.n the preparation of hydrochloric acid, 
by the action of sulphuric acid on sodium chloride, the acid 
sodium sulphate is obtained; at a higher temperature, normal 
sodium sulphite is formed according to the reaction:— 

2 NaCl + II 2 S 0 4 = Na. 2 S 0 4 + 2 HC 1 . 

Sodium Sulphuric Sodium Hydrochloric 

chloride. acid. sulphate. acid. 

Manufac^ire.—The manufacture of sodium sulphate is 
one step in a train of manufacturing operations which, taken 
together, constitute the most important chemical industry of 
the kingdom. The operation is conducted in a reverberatory 
furnace, such as is shown in fig. 67, in which a is a cast-iron 
pan known as the decomposer; into this a charge of about 
5 cwt. of salt is introduced, and then rather less than that 
weight of the brown sulphuric acid of commerce. This is sub¬ 
jected to a gentle heat by the gases which reach it through the 
flue from the furnace c. Hydrochloric acid vapours escape 
and are conducted by d to the coke towers. e, f ; through 
these a stream of water trickles down and thus dissolves the 
hydrochloric acid, which collects at the bottom and is there 
drawn off, and constitutes the crude hydrochloric acid of com¬ 
merce. At the bottom of the second tower, f, the fumes are 
carried by means of the pipe i into the smoke-stack, k. In 
this iron pan a, the sulphuric acid is converted into the acid 
sodium sulphate, the following change having occurred 
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NaCl + H 2 S 0 4 = NaHS 0 4 + HC 1 . 

Sodium Sulphuric Acid sodium Hydrochloric 

chloride. acid. sulphate. acid. 

The still pasty mass is next transferred to that portion ot 
the furnace marked b. Here it is exposed to a considerably 
higher temperature, and the chemical change is completed, 
normal sodium sulphate, in the anhydrous condition, being 


Fic. 67. 



formed. The hydrochloric acid fumes escape through d to the 
coke-towers. The finished sodium sulphate is then removed from 
the furnace and is known technically as * salt-cake.’ In manu¬ 
facturing operations, as soon as the one charge has undergone 
the first half of the decomposition in the part of the furnace a, 
its place is taken by a fresh charge, so that both sections of the 
furnace are in continuous work. 

Properties.- -On solution in water, the hydrated sulphate 
may be obtained by crystallisation in the form of four-sided 
prisms of Na 2 SO 4 , 10 H 2 O. These crystals lose their water with 
great readiness on exposure to air. The salt was formerly used 
in medicine as a purgative, being known as Glauber’s salt. 
Sodium sulphate is one of those bodies which, when dissolved 
in water, exhibit in a marked degree the property of super¬ 
saturation. If a saturated" solution be prepared with boiling 
water, and then allowed to cool in chemically clean vessels, it 
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falls to the temperature of the atmosphere without depositing 
any of the salt. On then adding a single crystal of the sulphate, 
the solution crystallises throughout its whole mass, with con¬ 
siderable rise in temperature. 

347. Sodium Carbonate, Na 2 C 0 3 , ioH a O.~ This salt 
was formerly obtained from the ash of sea plants in much 
the same way as potassium carbonate is obtained from wood 
ashes. At present by far the greatest quantity is produced 
from sodium sulphate (salt-cake) by what is known as 
Leblanc’s process. 

Manufacture,—On roasting together sodium sulphate, 
charcoal or coal, and chalk, the following reaction occurs. 

Na 2 S 0 4 + CaCOj + 4C = Na,C 0 3 + CaS + 4 CO. 

Sodium Calcium Carbon. Sodium Calcium, Carbon 

sulphate. carbonate. carbonate. sulphide. monoxide. 

This operation may be viewed as consisting first of the de 
oxidation of the sodium sulphate into sulphide by the carbon, 
and then an interchange, by whicli the sodium becomes con¬ 
verted to a carbonate, at the expense of the calcium, which 
combines witft the sulphur to form a sulphide. 



This change is effected in a furnace such as that shown in 
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fig. 68. A charge of about 2J cwt. of the mixture, in the 
proportion of three parts salt-cake, three parts chalk, and two 
parts of coal, is introduced into the furnace through the door e, 
and rests on the higher part of the floor c. This melts, and 
rapidly evolves carbon monoxide; after a time it is raked into 
the lower part of the floor n, and allowed then to settle into 
a state of tranquil fusion. Meantime another charge is placed 
on the first part of the hearth, and so the two processes go on 
simultaneously. The product of the completed reaction is 
raked out and allowed to cool. It contains excess of coal 


Fig 69. 

M* . M i. 



and lime which at the temperature has been partly converted 
into quicklime; from its black colour this body is technically 
termed ‘ black aslr.’ 

The next stage of the manufacture is the lixiviation of the 
black ash, in order to extract the sodium carbonate. For this 
purpose an arrangement of vats, such as is shown in fig. 69, is 
adopted. A series of vats, a— 0, are arranged each slightly 
above the other, so that the water from each one of the series 
may flow into that beneathut. The first vat is fed continuously 
with water from the tank l. The black ash is put into perforated 
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sheet-iron vessels h, h, which just fit into the vats. As brought 
from the furnace, the black ash is first dropped into the vat g, 
and then after a time removed and placed in f, and its place 
in a taken by a fresh vessel of black ash. Finally, the almost 
exhausted ash arrives at the vat a, where it is finally washed in 
pure water. In this way the lixiviation is conducted with the 
least possible consumption of water. The solution thus obtained 
usually contains a certain proportion of caustic soda, NaHO, 
produced by the action of the calcium hydrate; it is next 
evaporated in vessels arranged for that purpose over the 
black-ash furnaces, and heated by their waste heat. During 
the evaporation, the sodium carbonate crystallises out, and 
is removed in perforated iron ladles. The residue is either 
carbonated by passage through coke towers, through which 
ascend carbon dioxide gas, and then evaporated to,dryness; 
or it is treated as subsequently described and sent into the 
market as soflium hydrate. The sodium carbonate obtained 
by this process is termed ‘ soda ash.’ 

The insoluble matter remaining after lixiviation of the 
black ash is known as soda waste, and is the bite noire of the 
soda-manufacturing districts. Enormous heaps of this material 
accumulate in the neighbourhood of alkali-works, and become 
a source of Serious unpleasantness, owing to their evolving 
sulphuretted hydrogen as the result of the decomposition of 
the calcium sulphide present. In addition, these heaps 
represent a considerable source of loss of material, as the 
whole of the sulphur employed throughout the manufacture 
finds its way here. Various methods have been proposed for 
the recovery of sulphur from this alkali waste, but hitherto 
they have only met with partial success. 

Ammonia process.—-Notwithstanding rri&ny attempts at 
improvement, the Leblanc process has, until recently, held the 
field against all comers as the most economical method of 
manufacturing sodium carbonate. Recently, however, another 
method has been introduced under the name of the 'ammonia 
process,’ which already has considerably realised its promises 
of success. This method of sodium carbonate manufacture 
depends on the reaction expressed in the following equation :— 



332 Text-Book of Inorganic Chemistry 

NaCl + AmHC 0 3 = AmCl + NaHCO,. 

Sodium Hydric ammonium Ammonium Hydric sodium 

chloride. carbonate. chloride. carbonate. 

A solution of salt is first prepared, and into this gaseous 
ammonia is passed until the solution contains approximately 
a molecule of ammonia for each molecule of sodium chloride 
present. The quantity of ammonia is gauged by the dimi¬ 
nution in density of the solution. Carbon dioxide gas is 
prepared by heating calcium carbonate in a current of steam, 
and this is passed into the solution until saturated. The acid 
carbonate of soda is only slightly soluble, and separates in the 
form of small crystals whith are collected and dried by a 
centrifrugal drier. The acid carbonate is washed in a small 
quantity of water and sold as such, or is ljeatcd and thus con¬ 
verted into the normal carbonate. The carbon dioxide thus 
evolved is used in a repetition of the reaction. The mother- 
liquot contains ammonium chloride, from whiclf the ammonia 
is separated by treatment with lime, and then used again. It 
will be noticed that this is a ‘wet’ method of preparation, and 
that the formation of the salt is due to that property referred 
to in the preceding chapter, namely that when* two salts, by 
acting on one another, may produce a compound which is 
easily removed through sparing solubility, that* compound is 
usually formed. 

Pure sodium carbonate may be obtained by heating the 
bicarbonate, or on the ignition of sodium oxalate, and extrac¬ 
tion of the carbonate with water. 

Properties.—On dissolving dry sodium carbonate, such 
as soda ash, in water, it readily recrystallises in prisms contain¬ 
ing to molecules of water of crystallisation. The salt thus 
obtained is very soluble in cold water, and on being heated, 
dissolves in its water of crystallisation. On this being driven 
off by continued heat, a white spo.igy mass of the anhydrous 
carbonate remains ; this melts at a red heat, and in that form 
readily attacks silica and silicates, being decomposed with the 
liberation of carbon dioxide. The solution has a nauseous, 
burning taste, and is strongly alkaline to litmus paper. This 
salt differs from potassium carbonate in readily giving up its 
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water of crystallisation, losing weight on being kept, while the 
latter is strongly deliquescent in character. Sodium carbonate 
possesses marked detergent properties. 

Industrial Applications. —Sodium carbonate is most 
extensively used in the arts. Large quantities are employed 
in the manufacture of glass and of soap. It forms the starting 
point in the preparation of almost all other sodium salts. 
Except in some few instances, salts of sodium are preferred to 
those of potassium, because of their greater cheapness. 

348. Acid Sodium Carbonate, NaHC 0 3 — This body, 
called also sodium bicarbonate, or bicarbonate of soda, 
may be obtained direct from th'b chloride by the ammonia 
process; or may be prepared by passing a current of carbon 
dioxide gas through a concentrated solution of the normal 
carbonate. The bicarbonate is also manufactured ljy passing 
carbon dioxide gas over moistened crystals of sodium carbonate 
contained in wooden trays. The bicarbonate is soluble in ;a 
parts of water; its solution is not so burning to the taste as 
that of the normal carbonate, and it is neutral to litmus. On 
prolonged boiling with water, the bicarbonate loses its 
additional cafbon dioxide, which is also evolved on heating 
the dry salt to 100° C. This body is largely used in medicine, 
and forms th? carbon-dioxide-supplying basis of most .effer¬ 
vescent drinks, and also baking powders. 

349. Sodium Hydrate, NaHO. I.ike potassium 
hydrate, this body is far too energetic a compound to be found 
in a free state in nature. It is also known as sodium hydroxide 
or caustic soda. 

Preparation. —The simplest method of preparing this 
body is by the action of metallic sodium 0# water. When 
the hydrate is required in the purest possible form for 
purposes of analysis, this method is often adopted. A silver 
basin is floated in a vessel of ice-cold water, and ha'k a small 
quantity of pure water poured into it. Clean pieces of sodium 
are dropped in, one at a time; an energetic action ensues, 
which is aMowed to finish before another piece is added. 
Finally, the solution is evaporated an 3 heated to about 200° C.; 
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and the resulting hydrate cast into sticks and allowed to 
cool. 

Manufacture.—On the manufacturing scale, sodium 
hydrate is prepared from the residual liquor, known technically 
as ‘red liquor,’owing to its colour, which remains after the 
removal of the sodium carbonate from the solution yielded by 
the lixiviation of 1 black ash,’ and which liquor, it will be 
remembered, contains caustic soda as the result of the action 
of the lime present. Air under pressure is forced through the 
hot ‘red liquor,’ and afterwards sodium nitrate is added. These 
serve as oxidising agents, and precipitate the iron, which is 
present, as oxide, and oxidises the sulphides to sulphates. The 
liquor is evaporated down, and finally raised to nearly a red 

heat, after which it is allowed to cool and is ladled out into 

« 

iron drums, in which it solidifies. 

The efrdinary carbonate may be causticised by the addition 
of calcium hydrate in a manner similar to tfcat employed 
in the production of caustic potash; the solution is then eva¬ 
porated to dryness. 

Properties.— In appearance and properties, sodium 
hydrate is very similar to that of potassium. Jt is a white, 
powerfully caustic, and alkaline body, and is very soluble in 
water, to which, like caustic potash, it imparts,#* greasy feel. 
Sodiu'm hydrate lias a great attraction for carbon dioxide, 
which gas it absorbs with avidity. The following table gives 
the strength of caustic soda solutions of various densities. 


Density 

NaHO in 
100 parts 

Density 

NaHO in 
loo parts 

Density 

NaHO in 
xoo parti 

1059 

5 

1279 

25 

1-488 

45 

fiis 


1-332 

30 

1-540 

50 

1*170 

<? 

f 3 l *4 

35 

1-591 

55 

1*225 

20 

1-437 

40 

1-643 

60 


Industrial Applications—Sodium hydrate is employed 
in soap-making, also for cleansing purposes in dye-works, and 
for purifying carbolic acid, petroleum, and other substances. 


350. Sodium Oxides.— The most important of these is 
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Na 2 0 , which is obtained on burning the metal in dry air. It 
is very deliquescent, combining with water to form the hydrate 
NaHO. The dioxide, Na 2 0 2 , is produced when sodium is 
ignited in an excess of oxygen. 

351. Sodium Sulphite, Na 2 SO.i,l0H 2 O.— This body 
it prepared by passing sulphur dioxide, produced by the 
burning of sulphur, into a solution of the carbonate. The 
hydric sulphite, NallSO, is first formed, and to this a quantity of 
sodium carbonate solution, equal to that first taken, is added 
Sodium sulphite crystallises out in colourless efflorescent 
crystals. This salt is used for the removal of the last traces of 
chlorine from bleached goods, bding known as 1 antichlor.’ It 
is also employed as an antiseptic in the preservation of beer 
and other fermented liquors. 

352. Sodium Thiosulphate, Na 2 S 2 0 3 .— 'Ais body, 
commerciallydrnown as hyposulphite of soda, is prepared by 
digesting sodium sulphite with sulphur. It is largely used by 
photographers as a solvent for the haloid salts of silver. 

353. Sodium Nitrate, NaN 0 3 .— This body is found in 
large deposit# in various parts of South America. It forms 
rhombohedral crystals, approximating to cubes in shape, and 
hence has rweived the name ‘cubic nitre.’ It is sightly 
deliquescent, and therefore, though very similar in properties, 
cannot be used instead of potassium nitrate in the manufacture 
of gunpowder. For that purpose it is converted into potassium 
nitrate by the addition of potassium chloride, and subsequent 
crystallisation. It is used as a manure and also as a source of 
nitric acid. 

354. Sodium Silicates.— A number of silicates of sodium 
have been prepared by fusing together sodium carbonate and 
silica in different proportions. With excess of sodium carbo¬ 
nate, a silicate is formed having the composition Na 2 Si 4 0 9 . 
This, when prepared, has a glassy appearance, and is soluble in 
water, hence it has received the name of water-glass, or soluble 
glass. This substance possesses several valuable properties, 
among which is that of combining with the calcium of a soluble 
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salt to form an insoluble silicate. Use is made of this piopei^ 
in the preservative treatment of certain limestones used fofc 
building properties. The stone-work is first treated with (hi 
water-glass in solution, and then with calcium chloride. • Tm: 
insoluble calcium silicate formed on the surface protects tfie 
stone from atmospheric degradation. A similar application of 
sodium silicate is that of the manufacture of artificial stone. 
Water-glass is employed as a mordant in calico-printing and 
also as an alkaline constituent of soap. 

355- Other Sodium Salts. —The great basic energy (if, 
sodium oxide causes it to form salts with practically every 
known acid; but most of these cannot receive description 
within the limits of this work. The borate, Na 4 B 4 0 7 (borax), 
and the phosphates have already been described in dealing with 
their respective acids. 

Ammonium.—Formula NH, or Am. 

356. Occurrence. —The hypothetic constitution of this 
body has already been explained ; it is inserted here because 
the salts of this compound so closely resemble those of potas¬ 
sium and sodium that they are appropriately described in the 
same chapter. Following, therefore, are descriptions of the 
more important ammonium salts. 

357. Ammonium Chloride, NH 4 C1.— This salt, known 
commercially as sal ammoniac, is formed when hydrochloric 
ac ; d and ammonia gases are brought into contact. It is now 
manufactured by neutralising ammoniacal gas liquor with 
hydrochloric acid, evaporating the liquid and removing the 
crystals of the chloride. These are dried and gently roasted, 
in order to expel tarry matters. The crude chloride is then 
placed in an irof, pan fitted with an iron cover, and sublimed : 
the chloride condenses on the lid and is thus obtained in tough 
and fibrqus masses, which are remarkably difficult to powder. 

The salt is also obtained by sublimation on heating together 
sodium chloride and ammonium sulphate:— 

2 NhCI + Am a SO, -_= 2 AmCl F „Na 2 S 0 4 . 

Sodium Ammoniuj* Ammonium Sodium 

chloride. sulphate, chloride. sulphate. 




